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This application is a continuation-in-part of u s 
Patent Application Serial No. 08/485 301 f n ed t 
- U.S. Patent Application Serial No 8/ 6 2 Z^' 
^ ».5, eac h of which are hergin inco^ L b^.:. 1 ^ 
their entirety for all purposes. reference ln 

BACKGRnmm 0T THP TOT r VTTPH 

The present invention provides peptides and 

receptor (c-mpl or TPO-R) or otherwise act as a TPO ,„ ■ . 
The invention has application in the fields Lb h ' 
- Vicinal chemistry and particula 0 d T? 

for use in the treaty of hu.an disease 9 ° niStS 

are responsible^ ^ — de ^ed cell., which 

e responsible for producing circulating blood platelets 
Although Uprising < 0 . 25% of the bone narrow cells in 1st 
spec.es they have > 10 times the ^ Qf ^ ™ 

"Us. see Kuter et. al. £roc Natl. Acad^Sc^jjgA 
»l:ill04-ino. U9 94). Megakaryocytes uTo^gTTpToIess known 
as endo.itosis whereby they replicate their nucle ut a L 
un e division ^ ^ ^ to 

cells. m response to a decreased platelet count the 
endcitotic rate increases, higher ploidy .egakaryocytes are 
or»e , and the nu.ber of .egakaryocytes may iner l* 6 
3-fold. See Marker I_Clin_Inve^ 47 : 458 . 465 " 
contrast, in response to an elevated pl atelet cou t ^ 
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endomitotic race decreases, lower ploidy megakaryocytes are 
formed, and the number of megakaryocytes may decrease by 50%. 

The exact physiological feedback mechanism by which 
the mass of circulating platelets regulates the endorrutotic 
rate and number of bone marrow megakaryocytes is not known 
The circulating thrombopoietic factor involved in mediating 
this reedback loop is now thought to be thromboooietin (TPO) 
More specifically, TPO has been shown to be the* main humoral' 
regulator in situations involving thrombocytopenia. See, 
e.g., Metcalf Nature 369:519-520 (1994). TPO has been shown 
in several studies to increase platelet counts, increase 
platelet size, and increase isotope incorporation into 
platelets of recipient animals. Specifically, TPO is thought 
to affect megakaryocytopoiesis in several ways: (l) 1C 
produces increases in megakaryocyte size and number; (2) ic 
produces an increase in DNA content, in the form of 
polyploidy, in megakaryocytes; (3) it increases megakaryocyte 
endomitosis; (4) it produces increased maturation of 
megakaryocytes; and (5) it produces an increase in the 
percentage of precursor cells, in the form of small 
acetylcholinesterase-positive cells, in the bone marrow. 

Because platelets (thrombocytes) are necessary for 
blood clotting and when their numbers are very low a patient 
is at serious risk of death from catastrophic hemorrhage, TPO 
has potential useful application in both the diagnosis and the 
treatment of various hematological disorders, for example, 
diseases primarily due to platelet defects. Ongoing clinical 
trials with TPO have indicated that TPO can be administered 
safely to patients. In addition, recent studies have provided 
a basis for the projection of efficacy of TPO therapy in the 
treatment of thrombocytopenia, and particularly 
thrombocytopenia resulting from chemotherapy, radiation 
therapy, or bone marrow transplantation as treatment for 
cancer or lymphoma. See, e.g., McDonald (1992) Am. J. Pgri . 
Hematol ogy /Oncology 14:8-21 (1992). 

The gene encoding TPO has been cloned and 
characterized. See Kuter et al . Proc. Natl. Acari sci . USA 
91:11104-11108 (1994); Barley et al. Cell 77:1117-1124 
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(1994); Kaushansky et al. Nature 369:568-571 (1994); Wendling 
et al. Nature 369:571-574 (1994); and Sauvage et al. Nature 
369:533-538 (1994). Thromfaopoietin is a glycoprotein with at 
least two forms, with apparent molecular masses of 25 kDa and 
31 kDa, with a common N- terminal amino acid sequence. See, 
Hartley et al . Cell 77:1117-1124 (1994). Thrombopoietin 
appears to have two distinct regions separated by a potential 
Arg-Arg cleavage site. The amino- terminal region is highly 
conserved in man and mouse, and has some homology with 
erythropoietin and interferon-a and interf eron-b . The 
carboxy-terminal region shows wide species divergence. 

The DNA sequences and encoded peptide sequences for 
human TPO-R (also known as c-mpl) have been described. See 
Vigon et al. Proc . Natl. Acad. Sci. USA 89:5640-5644 (1992). 
TPO-R is a member of the haematopoiet in growth factor receptor 
family, a family characterized by a common structural design 
of the extracellular domain, including four conserved C 
residues in the N-terminal portion and a WSXWS motif close to 
the transmembrane region. See Bazan Proc. Natl. Acad. Sci. 
USA 87:6934-6938 (1990). Evidence that this receptor plays a 
functional role in hematopoiesis includes observations that 
its expression is restricted to spleen, bone marrow, or fetal 
liver in mice (see Souyri et al. Cell 63:1137-1147 (1990)) 
and to megakaryocytes, platelets, and CD34 + cells in humans 
(see Methia et al. Blood 82:1395-1401 (1993)). Furthermore, 
exposure of CD34 + cells to synthetic oligonucleotides 
antisense to mpl RNA significantly inhibits the appearance of 
megakaryocyte colonies without affecting erythroid or myeloid 
colony formation. Some workers postulate that the receptor 
functions as a homodimer, similar to the situation with the 
receptors for G-CSF and erythropoietin. 

The availability of cloned genes for TPO-R 
facilitates the search for agonists of this important 
receptor. The availability of the recombinant receptor 
protein allows the study of receptor-ligand interaction in a 
variety of random and semi -random peptide diversity generation 
systems. These systems include the "peptides on piasmids" 
system described in U.S. Patent Nos . 5,270,170 and 5,333,665; 



SUBSTITUTE SHEET (ROLE 26} 



WO 96/40750 PCT/US96/09623 

4 

che "peptides on ohaae" - , . 

y ge system aescnoed in U.S. Patent 

Application Serial No. 07/718,577, filed June 20, 1991 U S 
Patent Application Serial No. 07/541,108, filed June 20 , 1990 , 
and -.Cwirla et al ., Proc. Natl. Acad Scj^sA 87:6 378-6382 
U990); the "polysome" system described in U.S. Patent 
Application Serial No. 08/300,262, filed September 2, 1994, 
which is a continuation-in-part application based on U.S. 
Patent Application Serial No. 08/144,775, filed October 29, 
1993 and PCT WO 95/11992; the "encoded synthetic library- 
system described in U.S. Patent Application Serial Nos . 
08/146,886, filed November 12, 1993, 07/946,239, filed 
September 16, 1992, and 07/762,522, filed September 18, 1991,. 
and the "very large scale immobilized polymer synthesis" 
system described in U.S. Patent No. 5,143,854; PCT Patent 
Publication No. 90/15070, published December 13, 19 90; U.S. 
Patent Application Serial No. 07/624,120, filed December 6, 
1990; Fodor et al. Science 251:767-773 (2/1991); Dower and 
Fodor Ann. Rep. M^d rhem 26;271-180 (1991); and U.S. Patent 
Application Serial No. 07/805,727, filed December 6, 1991 ; 
each of the foregoing patent applications and publications is 
incorporated herein by reference. 

The slow recovery of platelet levels in patients 
suffering from thrombocytopenia is a serious problem, and has 
lent urgency to the search for a blood growth factor agonist 
able to accelerate platelet regeneration. The present 
invention provides such an agonist. 



SUMMARY OF THE INVENTION 



This invention is directed, in part, to the novel 
and unexpected discovery that defined low molecular weight 
peptides and peptide mimetics have strong binding properties 
to the TPO-R and can activate the TPO-R. Accordingly, such 
peptides and peptide mimetics are useful for therapeutic 
purposes in treating conditions mediated by TPO (e.g., 
thrombocytopenia resulting from chemotherapy, radiation 
therapy, or bone marrow transfusions) as well as for 
diagnostic purposes in studying the mechanism of hematopoiesis 
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and for the in vitro expansion of megakaroycytes and commicted 
progenitor cells. 

Peptides and peptide mimetics suitable for 
therapeutic and/or diagnostic purposes have an IC 50 of about 2 
mM or less, as determined by the binding affinity assay set 
forth in Example 3 below wherein a lower IC 5C correlates to a 
stronger binding affinity to TPO-R. For pharmaceutical 
purposes, the peptides and peptidomimetics preferably have an 
Ic so of no more than about 100 jim, more preferably, no more 
than 500 nM. In a preferred embodiment, the molecular weight 
of the peptide or peptide mimetic is from about 250 to about 
8000 daltons. 

When used for diagnostic purposes, the peptides and 
peptide mimetics preferably are labeled with a detectable 
label and, accordingly, the peptides and peptide mimetics 
without such a label serve as intermediates in the preparation 
of labeled peptides and peptide mimetics. 

Peptides meeting the defined criteria for molecular 
weight and binding affinity for TPO-R comprise 9 or more amino 
acids wherein the amino acids are naturally occurring or 
synthetic (non-naturally occurring) amino acids. Peptide 
mimetics include peptides having one or more of the following 
modifications : 

peptides wherein one or more of the peptidyl (-C(O)NR-] 
linkages (bonds) have been replaced by a non-peptidyl linkage 
such as a -CH 2 -carbamate linkage [ -CH 2 -OC (0) NR- ] ; a 
phosphonate linkage; a -CH 2 -sulf onamide [-CH 2 -S (O) 2 NR-] 
linkage; a urea [-NHC(0)NH-] linkage; a -CH 2 - secondary amine 
linkage; or an alkylated peptidyl linkage [-C(0)NR 6 - where R 6 
is lower alkyl] ; 

peptides wherein the N-terminus is derivatized to a -NRR 1 
group; to a -NRC{0)R group; to a -NRC(0)OR group; to a 
-MRS (0) 2 R group; to a -NHC (0) NHR group where R and R 1 are 
hydrogen or lower alkyl with the proviso that . R and R 1 are not 
both hydrogen; to a succinimide group; to a 
benzyloxycarbonyl-NH- (CB2-NH-) group; or to a 
benzyloxycarbonyl-NH- group having from 1 to 3 substituents on 
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the phenyl ring selected from the group consisting of lower 
alkyl, lower alkoxy, chloro, and bromo; or 

peptides wherein the C terminus is derivatized to 
-C(0)R 2 where 2 is selected from the group consisting of lower 
alkoxy, and -NR 3 R 4 where R 3 and R 4 are independently selected 
from the group consisting of hydrogen and lower alkyl. 

Accordingly, preferred peptides and peptide mimetics 
comprise a compound having: 

(1) a molecular weight of less than about 5000 
daltons, and 

(2) a binding affinity to TPO-R as expressed by an 
IC 50 of no more than about 100' /im, 

wherein from zero to all of the -C(0)NH- linkages of the 
peptide have been replaced by a linkage selected from the 
group consisting of a 

-CH 2 OC(0)NR- linkage; a phosphonate linkage; a -CH 2 S(0) 2 NR- 
linkage; a -CH 2 NR- linkage; and a -C{0)NR 6 - linkage; and a 
-NHC(0)NH- linkage where R is hydrogen or lower alkyl and R 6 
is lower alkyl, 

further wherein the N-terminus of said peptide or peptide 
mimetic is selected from the group consisting of a -NRR 1 
group; a -NRC(0)R group; a -NRC(0)0R group; a -NRS(0) 2 R group; 
a -NHC{0}NHR' group; a succinimide group; a 

benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- group 
having from 1 to 3 substituents on the phenyl ring selected 
from the group consisting of lower alkyl, lower alkoxy, 
chloro, and bromo, where R and R 1 are independently selected 
from the group consisting of hydrogen and lower alkyl, 

and still further wherein the C- terminus of said peptide 
or peptide mimetic has the formula -C(0)R 2 where R 2 is 
selected from the group consisting of hydroxy, lower alkoxy, 
and -NR 3 R 4 where R 3 and R 4 are independently selected from the 
group consisting of hydrogen and lower alkyl and where the 
nitrogen atom of the -NR 3 R 4 group can optionally be the amine 
group of the N-terminus of the peptide so as to form a cyclic 
peptide, 

and physiologically acceptable salts thereof. 
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In a related embodiment, the invention is directed 
to a labeled peptide or peptide mimetic comprising a peptide 
or peptide mimetic described as above having covalently 
attached thereto a label capable of detection. 

In some embodiments of the invention, preferred 
peptides for use include peptides having a core structure 
comprising a sequence of amino acids: 

X 1 X 2 X 3 X 4 X 5 X 6 X 7 
where X x is C, L, M, P, Q, V; X 2 is F, K, L, N, Q, R, S, T or 
V; X 3 is C, F, I, L, M, R, S, V or W; X 4 is any of the 20 
genetically coded L-amino acids; X 5 is A, D, E, G, K, M, Q, R , 
S # T, V or Y; X 6 is C, F, G, L, M, S, V, W or Y; and X 7 is C, 
G, I, K, L, M, N, R or V. 

In a preferred embodiment the core peptide comrpises 
a sequence of amino acids: 

Xg G X^ X 2 X 3 X 4 X^ W X 7 
where X x is L, M, P, Q, or V; X 2 is F, R, S, or T; X 3 is F, L, 
V, or W; X 4 is A, K, L, M, R, S, V, or T; X 5 is A, E, G, K, M, 
Q, R, S, or T; X 7 is C, I, K, L, M or V; and each X 8 residue 
is independently selected from any of the 20 genetically coded 
L-amino acids, their stereoisomeric D-amino acids; and 
non-natural amino acids. Preferably, each X 8 residue is 
independently selected from any of the 20 genetically coded 
L-amino acids and their stereoisomeric D-amino acids. In a 
preferred embodiment, X 1 is P; X 2 is T; X 3 is L; X 4 is R; X 5 is 
E or Q; and X 7 is I or L. 

More preferably, the core peptide comprises a 
sequence of amino acids: 

Xg Xg G X^ X 2 X 3 X 4 X^ W X 7 
where X 9 is A, C, E, G, I, L , M, P, R, Q, S, T, or V; and X 8 
is A, C, D, E, K, L, Q # R, S, T, or V. More preferably, X 9 is 
A or I; and X 8 is D, E, or K. 

Particularly preferred peptides include: G G C A D G 
PTLREWISFCGG; GNADGPTLRQWLEGRRPK 
N; GGCADGPTLREW I S FCGGK; TIKGPTLRQW 
LKSREHTS;SIE GPTLREWLTSRTPHS; LAIE 
GPTLRQWLHGNGRDT; CADGPTLREWISFC; 
and I EGPTLRQWLAARA. 
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in further embodiments of the invention, preferred 
pep ides for use in this invention include peptides hav ^ 
core structure comprising a sequence of amino acids: 



c X, X, X, X c X c X- 



^ere X 2 is K , L , N , Q , R , S( T Qr y . x 3 is c , f i L M R 
°r V; x 4 is any of the 20 genetically coded L-amino acids-' 

^ and X 7 x, C, G, I, K, l. M, N, R or V. m a more preferred 
embodiment, X 4 is A, E, G, H, K, L, „, p, Q . R , s , 
In a further embodiment, x 2 is S or T ; x 3 is L or R- x is R 
X 5 is D, E, or G; X g is F, L, or W ; and X 7 is I, k 'l 

V. Particularly preferred peptides include: GGCTLR Ew 
LHGGFCGG. " L L R E W 

In a further embodiment, preferred peptides for use 
m th iS invention include peptides having a structure 
comprising a sequence of amino acids: 

x 8 C X 2 x 3 x 4 X s X s X 7 
where X 2 is F, K, L, N, Q, R . s , T or V ; x 3 is C F Z L M 

acids V x° r " 4 " ^ ° f 20 coded' L-amino ' 

acids; x s ls A , D, E, G, K, M, Q, R, S , T, V or Y- X is r F 

L s V.Kor Y ; X 7 xs C, G, X, K, L, M, N, 'r or V; ind' 

X 8 xs any of the 20 genetxcally coded L-amino acxds. In some 
embodiments, X 8 is preferably G, S, Y, or R. 

The compounds described herein are useful for the 
prevention and treatment of diseases mediated by TPO and 
particularly for treating hematological disorders, including 
out not limited to, thrombocytopenia resulting from 
chemotherapy, radiation therapy, or bone marrow transfusions 
Thus, the present invention also provides a method for 
treating wherein a patient having a disorder that is 
susceptible to treatment with a TPO agonist receives or is 
administered, a therapeutically effective dose or amount of a 
compound of the present invention. 

The invention also provides for pharmaceutical 
compositions comprising one or more of the compounds described 
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herein and a physiologically acceptable carrier. These 
pharmaceutical compositions can be in a variety of forms 
including oral dosage forms, as well as inhalable powders and 
solutions and injectable and infusible solutions. 

BRIEF DESCRIPTION OF THE FIGPREfl 

Figures 1A-B illustrates the results of a functional 
assay in the presence of various peptides; the assay is 
described in Example 2. Figure 1A is a graphical depiction of 
the results of the TPO-R transfected Ba/F3 cell proliferation 
assay for selected peptides of the invention: 

■ designating the results for GGCADGPTLREW 
I S F C G G K (biotin) ; 

X designating the results for GGCADGPTLREW 
I S F C G G; 

designating the results for LAIEGPTLRQWL 
H G N G R D T; 

O designating the results for GNADGPTLRQWL 
E G R R p k N; and 

+ designating the results for TIKGPTLRQWLK 
S R E H T S. 

Figure IB is a graphical depiction of the results 
with the same peptides and the parental cell line. 

Figure 2A-C show the results of peptide 
oligomerization using the TPO-R transfected Ba/F3 cell 
proliferation assay. Figure 2A shows the results of the assay 
for the complexed biotinylated peptide {AF 12285 with 
streptavidin (SA) ) for both the transfected and parental cell 
lines. Figure 2B shows the results of the assay for the free 
biotinylated peptide (AF 12285) for both the transfected and 
parental cell lines. Figure 2C shows the results of the assay 
for streptavidin alone for both the transfected and parental 
cell lines. 

Figures 3A-G show the results of a series of control 
experiments showing the activity of TPO, the peptides of the 
present invention, EPO, and EPO-R binding peptides in a cell 
proliferation assay using either the TPO-R transfected Ba/F3 
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-7;:-: ^rrr™" 1 ^ - 
« * - .a p rol ::i ra jri: s : 7-777" £or 

cransrecced Ba/F3 cell i < , ■ R 

i- ' J ceil llne and its corresDonri,-n^ 

Fijure 3B depi=cs f= r HPO " ' P3renCal 

ine an d ics corresponding pareMal " =ell 

the results £or con , plexed biocinylaCed pepcid r,I F ' "!! 1C " 

-*> R binding pept.de (AF US0 S with SA) in the * 
cransfected Ba/F3 ceU line. The resuUs for J" 0 
-responding parental cell line are shewn in Figure 3D 
Figure 3E depicts the results for TPo in the cell 
proliteration assay using the EPO-dependent cell U „e - 
3F depxet. the results for EPO in the cell p: 0 , -J^ 
using the EPo- de pe„ de nt cell line. Figure , G Ul '- atlon ""V 
"suits for co^exed Mctinylated pe ^.7 "» 

-reptavidin (SAM and che co „ple*ed form ^ ««■ 

BPO-R binding peptide (AF lls05 wlth SA) in 7e7o7 7' 
cell line. ^-dependent 

Figures 4A-C illustrates the construction of 
peptiaes-on-plasrcids libraries in vector p JS112 ° 
snows a restriction „ap and position of the es ZT " 
library pla smid includes the rmB transcrrptiona 7e7 
«» «. 9 ene to permit selects on -ictllin tta ~7"' 
intragenic region Ml IG) to pemrt rescue of .7, 
™A, a plas„id replication origin .ori, . 1 L 77"* 
«d the arac gene to per.it positive and nega iv e r 7 7" ' 

: n7 rrrr ^ <™ - *trr 
7 3l r 7777:7-7 : f the cionin9 ra9i - « 

sii-.c * , 9 ' ln<:ludln 9 e he Sfil and EagI 

i7 io" f " 9 Ubrary figure 4C shows the 

7 to7f a 7 al6d '^"^ oi ^»cid... ON - 82S and 
OK 830 to Sfil sites of P JS14 2 to produce a library, single 
spaces xn the sequence indicate sites of ligation 

PE« 15 m p Fl9Ur " SA " 3 illu ""« = loni "9 i«o the pELM3 and 
PELM15 MBP vectors. ?igure 5A shows th> sequence ^ 

end cf the M J £ f uslon gene , ;nclading che MBp c 
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sequence, the poly asparagine linker rh. f 

cleavagge site, and the a L i k Xa P roCeas * 

tne available cloninq sitr* tv„= 
remaining portions of ^ sites. The 

.ioub.-. Flgure 5B i hows 5 h / ^ : °» Ne : 

transfer of th» a. *t T 4 ° £ the vectors after 

~. encode the „ peptide linker f ; oa — - 

Figure 6A depicts a restriction map and D ositfo„ - 
«» 9 enes for the construction of headoiece dimer H " 
vector pCHC14 . The library plasmid incluL ^T" " 

transcriptional terminator, the bla aen* 

th! h V qUe ' ,Ce ° E Cl ° ninS re5ion " 3. end of 

I*""' 1U ""» ™ction. Figure 6C sh ows L e S1CeS 
1 gatron or annealed ON-1679. 0N- 823 . and ON . e30 „ s£ 
o pCMG14 to produce a library. Singles spaces ™ 
sequence indicate sites of ligation. 

evaluaf ' " ' ^ " SUltS ° £ fu "»er assays 

eval at lng activity o£ the pepcides ^ y- 

Balb/C mice are treated with carboplatin U25 mg/ kg 
draper! toneally, on Day 0. The dashed lines reoresent 
untreated animals from three experiments. The soiid III 
represent carbcolatin- treated gr oups in three experiments. 
The heavy solid lines represent historical data. F lgure e 

tlZ" ef£e " ° £ 'Nation on platelet counts 

in «oe treated with the indicated amounts of carboplatin (i n 
«9/*9. intraperitoneal^ (ip) on Day 01. Figure s 
amelioration of carboplatin-induced thrombocytopenia on Day 10 
by peptide AF12S13 ,si„. carboplatin <CB P; so- 12 s m g A g 
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intraperitoneal^) wac ; = 

. . 7 33 aam inistered on Day 0. AF12513 (i 

mg/kg, ip) was given on Days 1-9. 

DESCRIPTION OF SPECTTTTr nwnp^. 
AND GENEKAT. PARAMETERS 



Z - DEFINTTTnwc; 



The following definitions are set forth to 
illustrate and define the meaning and scope of the various 
terms used to describe the invention herein 

which k ' / A90niSt " rSferS C ° 3 ^-logically active li gan d 
which binds to its complementary biologically active rece.tor 
nd activates the latter either to cause a biological resoonL 
he re ce P tor or to enhance preexisting biological activi 
or the receptor. y 

■Pharmaceutically acceptable salts- re£er co . 

~: t 1 t 1 - auaiine earth - ™- 

he sod u " °" Pha ™«""«l i»*-try includes 

the sodium, potassium, litnium. calcium, magnesium, barium 
ammonium, and protamine llae salts , „ hich »■ 

n>ethoas well Known in the art. The term also includes 

r™ fthT Sal "' " hiCh * 

"acting the compounds of this invention with a suitable 

organic or inorganic acid. Representative salts delude the 
hydrochloride, hydrobromide. sulfate, bisulfate. acetate 
oxalate, valerate, oleate. laurate. borate, benzoate. lactate 
Phosphate, tosylate. citrate, maleate. fumarate, succinate, 
tartrate, napsylate, and the like. 

"Pharmaceutically acceptable acid addition salt" 
refers to those salts which retain the biological 
effectiveness and properties of the free bases and which are 
not biologically or otherwise undesirable, formed with 
xnorganic acids such as hydrochloric acid, hydrobromic acid 
sulfuric acid, nitric acid, phosphoric acid and the like and 
organic acids such as acetic acid, propionic acid, glycolic 
acid, pyruvic acid, oxalic acid, malic acid, malonic acid 
succinic acid, maleic acid, fumaric acid, tartaric acid 
citric acid, benzoic acid, cinnamic acid, mandelic ac^d' 
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menthanesulfonic acid prh 2 n ir ■ 

s^ri.rzr acid addium - — 

esters uhi ;r ar T! CeUCiCaUy aCCeP " bU " Cer " » "»«. 

:: r ?r - - n °< b — iiy - ::r d 

V d "<=«P"™ °* pharmaceutical^ acceptable eaters as 
1*°*™* Bundgaard. H. , ed. , Eesiaa^^^ 
Elsevier Science Publishers, Amsterdam ( l9e5l . T hese'est.„ 
™ ^ically forced fron the corresponding carboxy c I 
«d an alcohol. 5e nerall y . ester Nation can be 
eccompiished via conventional synthetic technics (S ee 
e ' 9 " MarCh ftdvanr.^ n rl ,- ic ch , mi " . ' 

:;: '»••"• T^ nt j r the 

tt can " ' COBPriSe 3 ^ ""hoi 

:Lt:™ ic alcohols - This ~- ^ 

«e use of .hose compositions which are both este-s as 

d c e :: D t b ol d T aM " Sa " e tine P^™-e U tical ly 
acceptable acid addition salts thereof. 

am -rf v,- " Pharmaceuticall y acceptable amide" refers to those 
amides which retain, upon hydrolysis of the amide bond he 

ol ZT SffeCtiVeneSS ^ ot the carboxyiic acid 

or amine ana are not biologically or otherwise undesirable. 
For a description of pharmaceutically acceptable amides as 
prodrugs, see Bundgaard, K., ed. , D«ian_o^oa k uas 
Elsevier Science Publishers, Amsterdam ( 1985) . These'amides 
are typically formed from the corresponding carboxylic acid 
and an amine. Generally, amide formation can be accomplished 
via conventional synthetic techniques. (See, e.g March 
Advanced Orcanir ^3 ^, 3rd £d _ John ^ & ^ ^ 

York (i 98S} p. us2 and Mar, et al . E^c^edi^f,^^ 
Technoioay , John Wiley & Sons, New York (1980) ) . This 



SUBSTTTUTE SHEET (ROLE 26) 



30 



35 



WO 96/40750 

PCT/US96/09623 

14 

invention also contemolate* - u 

which are hoth •„ USS ° r ChOSS com P°sitions 

which are both amides as described herein and at the same 

are the pharmae^uf- i r.= i i sarae time 

thereof eUtlCall y acceptable acid addition salts 

carrier " PharmaCeuticall y « cherapeutically acceptable 

with the Iff 6 "-' 0 3 CarriSr mediUm WhlCh d ° eS n ° C interfere 
with the effectiveness of the biological activity of the 

actwe ingredients and which is not toxic to the host or 
patient. 

th . 'Stereoisomer" refers to a chemical compound having 

the same molecular weight, chemical composition, and 
constitution as another, but with the atoms grouoed 
differently. That is. certain identical chemicai moieties are 
at oifterent orientations in space and. therefore, when pure 
15 has the abiUty to rotate the plane of polarized light 

However, some pure stereoisomers may have an optical rotation 
that is so slight that it is undetectable with present 
instrumentation. The compounds of the instant invention may 
have one or more asymmetrical carbon atoms and therefore 

withi> e thT OUS S TT S ° mer S ' *" stereoisomers are included 
within the scope of the invention. 

"Therapeutically- or pharmaceutically-ef f ective 
amount" as applied to the compositions of the instant 
invention refers to the amount of composition sufficient to 
induce a desired biological result. That result can be 
alleviation of the signs, symptoms, or causes of a disease or 
any other desired alteration of a biological system. m the 
present invention, the result will typically involve a 
decrease in the immunological and/or inflammatory responses to 
infection or tissue injury. 

Amino acid residues m peptides are abbreviated as 
follows: Phenylalanine is Phe or F; Leucine is Leu or L- 
Isoleucine is lie or I; Methionine is Met or M; Valine < s Val 
or V; serine is Ser or S; Proline is Pro or P; Threonine is 
Thr or T; Alanine is Ala or A; Tyrosine is Tyr or Y; Histidine 
is His or H; Glutamine is Gin or Q; Asparagme is Asn or N • 
Lysine is Lys or K; Aspartic Acid is Asp or D; Glutamic Acid 
is Glu or E ; Cysteine is Cvs or C; Tryptoohan is Tro or w 
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Arginine is Arg or p. a „j 

■» U Butoxy. l zl \ b y " - ^ditionaUy. 
««Vl. Me is „, et hvl =" " ^l^l-i"*. Ac it 

isobutyric acid K " P--iUa ni „e. Alb is amino 

Thi is \hieny " n0rVaU " e - a ™° b "^c acid. 

Orally o= addi "°" C ° PePCid ' S COTS1 " in 9 =£ 

—l* are also provided. Peptide analogs are colo'l 

the pharmaceutical industry as non-pepLe ^7 ' 
P-pert.es analogous to those of the template pepUde " 

r ,::r;::r:; a ::rv" rr ,,peptL n: " J — 

-er and .rerd.nger ^ ..IJS^^^'"'' 

t herapeu Lay use 1 " "™'»»»y ^1- to 

peutically useful peptides may be used to Drn A 

bivalent or enhanced therapeutic or pro hy c c " " 

Generally n^^nm, ^- "^yxactic effect. 

p-adig„ y PO ; p t d ::r rr are s r cturaiiy si * iur » • 

polypeptide (i.e., a polypeptide that has a 
natu ^ ^ ^"^"1 -ctivity, , such as 
naturally-occurring receptor-binding polypeptide bur h 
or more pectide link.-™, ^/peptide, but have one 

Elected fro^n °^°-lly replaced by a UnKage 

™2 =V. -CH-CH- (cis and trans). -COCH,-, -CH(OH)cy 

Patola, A . F ., v.c^ ( „arch !,.„. vol i, Is ue ' 
'^^men^iUz^ (general reyiew, ,. ™ ey 

rrr^ : is8o) p? - 4 "-« s -i-rt^. 

CH^CH 2 - , spatola et al. 38il243 . 124s ,„, ! 

^ Han " T -f ri- I _ 3.,-n* 

23.13S2-13S8 (uso) (-C0CH 2 ->; Jennings-WhitTeTH 

^ ": 2533 11982 , ,. C0CK2 . ); S2e . ke ^ 
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<™« p , ln ' " 45665 a <is82) : <»«» i 

'-CH.-S-, el ! f "' ' "* *"» I^Si »•«»-»» (l».2, 

a pa: ci = u ; P ; Li t: is ^ »*.»«.. 

preferred non-peptide linkaqe is -cw mu 

pxr mimetics — 9 a s su * 
p 01 vpep tade enbodimencs , including , for - 

economical production, greater chemical scabilitv „ 
^logical propel, ( half-life. ~ 
efficacy, etc.,. altered specificity (e.g., . broad'-soectlum 
o^oiooica! activities , reduced antigenicity, and IZT 
Labeling ot peptidcmimetics usually involves covalent 

"TT™' " labSU ' """^ « <**«*» a spacer 

(e.g.. an anuae group), to non-interfering position(s) on rh 

pepcidomimetic that are predicted by optative ' 
structure-activity data and/or molecular modeling. Such 
~-ering positions generally are positions that do not 
form direct contacts with the macromolecules (s) ( e „ 
immunoglobulin superfamily molecules) to which the 
peptidomimetic binds to produce the theraoeutic effect 
Denization (e.g.. labeling, of peptidomimetics should not 
substantially interfere with the desired biological o 
Pharmacological activity of the peptidomimetic. Generally 
Peptidomimetics of receptor-binding peptides bind to " 

ctivity (i.e., are agonistic or antagonistic to one or more 
receptor-mediated phenotypic changes) . 

Systematic substitution of one or more amino acids 
of . consensus sequence with a o-amino acid of the same type 
•e.g., D-lysine in place of L-lysine, may be used to gene^te 
-re stable peptides. In addition, constrained peptides 
comprising a consensus sequence or a substantially identical 
consensus sequence variation may be generated by methods known 
n the art (R 12 o and Gierasch Ann. Rev ,^ h .. 61i38 , 
.(1992), incorporated herein by reference); for example, by 
adding internal cysteine residues capable of forming 
intramolecular disulfide bridges which cyclize the peptide 
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Synthetic or non-naturally occuring amino acids 

refer to amino acids which do not naturally occur i n viv * b 

which, nevertheless, can be incorporated into the peptide ^ 

structures described herein. Preferred synthetic ami no acids 

are the D-a-amino acids of naturally occurring L-a-amino ac S 

as well as non-naturally occurring D- and L-a-amino acids ^ 

represented by the formula H 2 NCHR 5 C00H where R s is n a , 

3l , , ^ 1 a lower 

axxyi group, 2) a cycloalkyl group of from 3 to 7 carbon 

atoms, 3) a heterocycle of from 3 to 7 carbon atoms and i t 

heteroatoms selected from the group consisting of oxyg en 

sulfur, and nitrogen, 4) an aromatic residue of from 6 to i 

carbon atoms optionally having from 1 to 3 substituents on 

aromatic nucleus selected from the group consisting of 

hydroxy! , lower alkoxy, amino, and carboxyl, 5) -alkylene V 

where alkylene is an alkylene group of from 1 to 7 carbon 

atoms and Y is selected from the group consisting of ( a ) 

hydroxy, (b) amino, (c) cycloalkyl and cycloalkenvl nf f 

1 WL crom 3 

to 7 carbon atoms, (d) aryl of from 6 to 10 carbon atoms 

optionally having from 1 to 3 substituents on the aromatic 

nucleus selected from the group consisting of hydroxyl i owe 

alkoxy, amino and carboxyl, (e) heterocyclic of from 3 to 7 

carbon atoms and 1 to 2 heteroatoms selected from the group 

consisting of oxygen, sulfur, and nitrogen, (f) -C(0)R 2 w ^ e 

R 2 is selected from the group consisting of hydrogen, hydroxy 

lower alkyl, lower alkoxy, and -NR 3 R 4 where R 3 and R 4 are 

independently selected from the group consisting of hydrogen 

and lower alkyl, (g) -S(0) n R 6 where n is an integer from i t 

2 and R 6 is lower alkyl and with the proviso that R 5 does not 

define a side chain of a naturally occurring amino acid 

Other preferred synthetic amino acids include 

^ c amino 

acids wherein the amino group is separated from the carboxyl 
group by more than one carbon atom such as b-alanine, 
g-aminobutyric acid, and the like. 

Particularly preferred synthetic amino acids 
include, by way of example, the D-amino acids of naturally 
occurring L-amino acids, L-l-napthyl-alanine, 

L-2-naphthylalanine, L-cyclohexylalanine , L-2-amino isobutvri- 
acid f the sulfoxide and sulfone derivatives of methionine 
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(i.e. ^ HOOC-(H 2 NCH,CH 2 CH 2 -S(0) n R S ) where n and R s are as 
defied above as well as the lower alkoxy derivative of 
ab o v :r ne (i - 6 -' ^-^^^ where R s is as defi ne 

covalent! " DeteCtable Ubel " refe " c ° materials, which when 

this • attaChSd C ° PePCidSS ^ P6ptide of 

this invention, permit deCeccion of the peptide 

^metxc. ln vivo in the patient to whom the peptide L'l'L 
:: et lc has heen administered. Suitable detect! 1 f I 
well known ln the art and include, by way of examole j| 
radiois otopes, fluorescent labels (e.g., fluorescein,', and t J\ 
like. The partxcular detectable label employed is not * 

critical and is selected relative m ^ a - 1 

o , ea native to the amount of label to be 

IS lb r T T " COXlClty ° f l3bel - ^ -ount o 

label employed. Selection of the label relative to such 

factors is well within the skill of the art. 

Covalent attachment of the detectable label to the 
Peptide or peptide mimetic is accomplished by 
met ods well known in the art. Por example, when the 
rad lclsotope , yed as detectable 

attachment of tQ thg peptide ^ ^ 

b a ch leved by incorporating the ammo acid tyrosine into the 
peptide or peptide mimetic and then icdating the peptide. if 

25 L 13 PreSent ^ PePtid£ ° r ^ Cide —tic, 

incorporation of tyrosine to the N or C terminus of the 

peptide or peptide mimetic can be achieved by well known 
chemistry. Likewise, »p can fce incorporated onto ^ 
or peptiae mimetic as a phosphate moiety through, f or examDle , 
hydroxyl group on the peptide or peptide mimetic using " 
J o conventional chemistry. 
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II. OVERVIEW 



The present invention provides compounds that bind 
to and activate the TPO-R or otherwise behave as a TPO 
agonist. These compounds include "lead" peptide compounds and 

derivative" compounds constructed so as to have the' same or 
similar molecular structure or shape as the lead compounds but 

SUBSIirUIE SHEET (RULE 26) 



1 



10 



20 



WO 96/40750 PCIYUS96/09623 

19 

that differ from the lead compounds either with respect to 
susceptibility to hydrolysis or proteolysis and/or with 
respect to other biological properties, such as increased 
affinity for the receptor. The present invention also 
provides compositions comprising an effective amount of a TPO 
agonist, and more particularly a compound, that is useful for 
treating hematological disorders, and particularly, 
thrombocytopenia associated with chemotherapy, radiation 
therapy, or bone marrow transfusions. 

^I- IDENTIFICATION OF TPO-AGONISTS 



Peptides having a binding affinity to TPO-R can be 
readily identified by random peptide diversity generating 
15 systems coupled with an affinity enrichment process. 

Specifically, random peptide diversity generating 
systems include the "peptides on plasmids" system described in 
U.S. Patent Nos . 5,270,170 and 5,338,665; the "peptides on 
phage" system described in U.S. Patent Application Serial No. 
07/718,577, filed June 20, 1991 which is a continuation in 
part application of U.S. Patent Application Serial No. 
07/541,108, filed June 20, 1990, and in Cwirla et al., Proc . 
Natl. Acad. Sci. USA 87:6378-6382 (1980); the "polysome 
system" described in U.S. Patent Application Serial No. 
25 08/300,262, filed September 2, 1994, which is a 

continuation-in-part application based on U.S. Patent 
Application Serial No. 08/144,775, filed October 29, 1993 and 
PCT WO 95/11992; the "encoded synthetic library (ESL) " system 
described in U.S. Patent Application Serial No. 08/146,886, 
30 filed November 12, 1993 which is a continuation in part 

application of U.S. Patent Application Serial No. 07/946,239, 
filed September 16, 1992, which is a continuation in part 
application of U.S. Patent Application Serial No. 07/762,522, 
filed September 18, 1991; and the "very large scale 
35 immobilized polymer synthesis" system described in U.S. Patent 
No. 5,143,854; PCT Patent Publication No. 90/15070, published 
December 13, 1990; U.S. Patent Application Serial No. 
07/624,120, filed December 6, 1990; Fodor et al. Science 
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251:767-773 (2/1991). n~ 

".271.1.0 <„ nd D r: r and Fodor *»- »■»■ ™ ^m. 

305,727 fi e f U " S - PatenC plication Serial No. 

a. iii, riled December 6, 1991. 

■ Using the procedures described above »nH«, 
peptide c UDVe ' random 

P 63 Were generally designed to have a define n * 
ammo acid r «^„« , aermed number of 

1Q resi dues in length (e.g., 12 ) To _„„ 

collection cf oligonucleotides t J°™™ ^ 

«*» « tif (KOT)X . uhere H is nuc L ot i d rr T ides ' 

<equi„ olar ,. dspending on the method ' ' =• « T 

"udeotides C an be employed) , R is Q » ^ 

» « integer corresponding t0 the number 3 id " ; 

possible codons resulting f rom chs moclf: 5 " 

«"■■ 2 «« «eh =£ 5 amino aclds . 3 for each ° ■ 
a ™ a "d S , and only one of the three sto„ V " 
«« motif encodes ell of che ^ 

stop oodon. end reduces codon bias. ly " 

In the systems employed, the random Deotides „.„ 
Presented either on the surface of a phage D.«iel. !. 
°£ a fusion protein comprising either thl „H i 
oca, p ei „ of a phage fd deLatiye Z£LV nagTor 
as a fusxon protein with the Lad oeotide f u , in 
^ a plasm.d (pepcides on plasmids P ; Ptlde fUS1 ° n ^ 

The phage or plasmids, including the DNA encoding 
the peptxdes, were identified and isolated by an a-f in > 
enrichment process us.ng xmmobili.ed TPO-R. The 
enrich sometimes ^ _ - V 

multxple rounds of incubating the phage, p i asmids Qr 
polysomes with the immobilized receptor, collect!™ ^ • 
P-smids, or polysomes that bind to'the rece' toT , g ^ 
the accompanying DNA or mRNA} , and producing more of rh. h 

^r^ri with thc — s -™ "sir 

W R 1 1 ^ «.»« llul » (ECD. of the 

iro-R typically was used during panning. 

oh a „ ""severe! rounds of affinity enrichment, the 

EL S A " d t" a=C °™ Pa " yin * -mined by 

Thi PePtideS tind Wificlly to TPO-R 

This assay was carried out similarly to the procedures used in 
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the aff lni ty enrichmenc process, exceot that after removing 
unbound phage, the wells were typically treated with rabbit 
anti -phage antibody, then with alkaline phosphatase 
(AP) -conjugated goat anti-rabbit antibody. The amount of 
alkaline phosphatase in each well was determined by standard 
methods. A similar ELISA procedure for use in the pepides on 
plasmids system is described in detail below. 

By comparing test wells with control wells (no 
receptor) , one can determine whether the fusion proteins bind 
to the receptor specifically. The phage pools found to bind 
to TPO-R were screened in a colony lift probing format using 
radiolabeled monovalent receptor. This probe can be produced 
using protein kinase A to phosphorylate a kemptide sequence 
fused to the C- terminus of the soluble receptor. The 
"engineered" form of the TPO receptor is then expressed in 
host cells, typically CHO cells. Following pi-plc harvest of 
the receptors, the receptor was tested for binding to TPO or 
TPO-R specific phage clones. The receptor is then labeled to 
high specific activity with 33 P for use as a monovalent probe 
to identify high affinity ligands using colony lifts. 

Peptides found to bind specifically to the receptor 
were then synthesized as the free peptide (e.g., no phage) and 
tested in a blocking assay. The blocking assay was carried 
out in similar fashion to the ELISA , except that TPO or a 
reference peptide was added to the wells before the fusion 
protein (the control wells were of two types: (l) no 
receptor; and (2) no TPO or reference peptide) . Fusion 
proteins for which the binding to the receptor was blocked by 
TPO or the reference peptide contain peptides in the random 
peptide portion that are preferred compounds of the invention. 

TPO-R, as well as its extracellular domain, were 
produced in recombinant host cells. One useful form of TPO-R 
is constructed by expressing the protein as a soluble protein 
in baculovirus transformed host cells using standard methods; 
35 another useful form is constructed with a signal peptide for 
protein secretion and for glycophospholipid membrane anchor 
attachment. This form of anchor attachment is called 
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"PIG-tailing» . c ep 

<»«) and Lin « al s We " deU S£i * !££ *«'"»«-ll.t 

receptor from L G - taiU "3 ^"m. °ne can cleave the 

P ession of receptor with a cell sorce-l „i,„ . u 
=• ^ cleaved receptor still comprises a Zl^* 1 ^ 
«<*ence of amino acid, called the -^ZTV^ 
"Sna: protein for membrane attachment and can be Z , 
wthout further purification. The recomhi ^oilized 
protein ,.,„>.• t recombinant receocor 

— ing non-specific ^ ^^J^ ■ ' 

y- using this procedure, one shoulH - 
Mobilization reaction in valine M « 1^". " ■ 

during the affinity enrichment process other* C ° mP ° Und) 
antibody can bind undesired phage du in, TZT' 
enrichment procedure, one can use pep Ides that hi 
Mobilizing antibody to bloc* unbound si e s that " ^ 

receptor immobilization to avoid this „ ""'^ ^ 

^immobilize the receptor directly w tLTeUs oT 
mi r ot iter plates, without the aid of an immobiu ng 

body, see a.s. Patent Application Serial No . L 7 33S 
filed September lt . „„. lncorporated herein fcy « ■ »». 

When using random peptide generation systems that 
allow for multivalent ligand-receptor interaction 
recognize that t-h. j ln ceraction. one must 

gnize that the density of the immobilized receotor i. .„ 

i: sl ;:: s b ;: d g to receptor - At h — ~ 

treated with o 25 c o """^ "^-""-a 

Y occu. .han at lower receptor densities 
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(e.g., each anti-receptor antibody-coated well treated with 
0.5 to 1 ng of the receptor) . if multivalent binding is 
occurring, then one will be more likely to isolate ligands 
with relatively lower affinity, unless one uses high densities 
of immobilized receptor to identify lead compounds and uses" 
lower receptor densities to isolate higher affinity derivative 
compounds. 

To discriminate among higher affinity peptides a 
monovalent receptor probe frequently is used. This orobe can 
be produced using protein kinase A to phosphorylate a"k emDCide 
sequence fused to the C-terminus of the soluble receotor " The 
"engineered" form of the TPO receptor is then expressed in 
host cells, typically CHO cells. Following PI-PLC harvest of 
the receptors, the receptor was tested for binding to T^o or 
TPO-R specific phage clones. The receptor is then labeled to 
high specific activity with "p for use as a monovalent Drobg 
to identify high affinity ligands using colony lifts. 

Preferred screening methods to facilitate 
identification of peptides which bind TPO-R involve first 
identifying lead peptides which bind to the extracellular 
domain of the receptor and then making other peptides which 
resemble the lead peptides. Specifically, using a Dili or 
pVIII-based peptides on phage system, a random library can be 
screened to discover a phage that presents a peotide that 
binds to TPO-R. The phage DNAs are sequenced to determine the 
sequences of the peptides displayed on the surface of the 
phages . 

Clones capable of specific binding to the TPO-R were 
identified from a random linear 10-mer pVIH library and a 
random cyclic 10-mer and 12-mer pVIIl libraries. The 
sequences of these peptides serve as the basis for the 
construction of other peptide libraries designed to contain a 
high frequency of derivatives of the initially identified 
peptides. These libraries can be synthesized so as to favor 
the production of peptides that differ from the binding 
peptide in only a few residues. This approach involves the 
synthesis of an oligonucleotide with the binding peptide 
coding sequence, except that rather than using pure 
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preparations of each of r-ho * 

the synthesis, one use mil Crlph ° Sphates - 

triphosphates (i . ^ % ™ S ^ nUCl -°' i ? ta . 

each of%H u ' thS " correcc " nucleotide, and 15* 

or th is ° " thrSe nUCle ° CldeS °- P»f.rred mixture 
for thxs purpose and 70% of the "correct" nucleotide and 10% 

each of the other three nucleotides is another preferred 
nature for this purpose, so as to generate derivatives of the 
binding peptide coding sequence. 

A variety of strategies were used to derivati 2e the 
lead peptides by making "mutagenesis on a theme" libraries 
These included a pvill phagemid mutagenesis library based on 
the consensus sequence mutagenized at 70:10:10:10 freouency 
and extended on each terminus with random residues to produce 
clones which enclode the se q uen~ce~Hxx (C, S, P, or P) TLREWL 
*™X (C or S, . A similar extended/mutagenized library was 
constructed using the peptides-on-plasmids system to oroduce ' 
clones which enclode the sequence XXXXX (C, S, p. or R) TLR£WL 
XXXXXXX. An additional extended/mutagenized library XXXX (C 
S. P. or R, TLREWL XXXXXX (c or S) , was constructed using the' 
polysome display system. All three libraries w ere screened 
with peptide elution and probed with radiolabeled monovalent 
receptor. 

The "peptides on plasmids" techniques was also used 
for peptide screening and mutagenesis studies and is described 
in greater detail in U.S. Patent no. 5.338,665, which is ' 
incorporated herein by reference for all purposes. According 
to this approach, random peptides are fused at the C-terminus 
of Laci through expression from a plasmid vector carrying the 
fusion gene. Linkage of the Lacl-peptide fusion to its 
encoding DNA occurs via the lacO sequences on the plasmid 
forming a stable peptide-Lad -plasmid comnlex that can be 
screened by affinity purification (panning, on an immobilized 
receptor. The plasmids thus isolated can then be reintroduced 
mto e. coli by electroporation to amplify the selected 

population for additional rounds of screening, or for the 

examination of individual clones. 

In addition, random peptide screening and 

mutagenesis studies were performed using a modified C-terminal 
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Lac-I display system in which display valency was reduced 
("headpiece dimer'' display system). The libraries were 
screened and the resulting DNA inserts were cloned as a pool 
into a maltose binding protein (MBP) vector allowing their 
expression as a C-terminal fusion protein. Crude cell lysates 
from randomly picked individual MBP fusion clones were then 
assayed for TPO-R binding in an ELISA format, as discussed 
above . 

Peptide mutagenesis studies were also conducted 
using the polysome display system, as described in co-pending 
application U.S. Patent Application Serial No. 08/300, 2S2 
filed September 2, 1994, which is a continuation-in-part ' 
application based on U.S. Patent Application Serial No. 
08/144,775, filed October 29, i 993 and PCT WO 95/11992, each 
of which is incorporated herein by references for all 
purposes. A mutagenesis library was constructed based on the 
sequence X X X X <C,P,R,or S) t 1 r e f 1 X X X X X X (C or 
S), in which X represents a random NNK codon, and the lower 
case letters represent amino acid codons containing 
70:10:10:10 mutagenesis at positions 1 and 2 and K (G or T) at 
position 3 of the codon. The library was panned for 5 rounds 
against TPO receptor which had been immobilzed on magnetic 
beads. After the fifth round, the PCR amplified oool was 
cloned into pAFFS and the ELISA positive clones were 
25 sequenced. The sequences were subcloned into an MBP vector 
and their binding affinities were determined by an MBP ELISA. 

To imobilize the TPO-R for polysome screening, Ab 
179 was first chemically conjugated to tosyl-activated 
magnetic beads (available from Dynal Corporation) as described 
by the manufacturer. The beads were incubated with antibody 
in 0.5 M borate buffer (pH 9.5) overnight at room temperature. 
The beads were washed and combined with TPO-R containing the 
"HPAP" tail. The antibody coated beads and receptor were 
incubated for 1 hour at 4°C, and the beads were washed again 
35 prior to adding the polysome library. 

Screening of the various libraries described above 
yielded the TPO receptor binding peptides shown in Tables 1 
and 2 below, as' well as others not listed herein. 
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TABLE 2 




CSLEDLRKRC 
CRRSELLERC 
CTFKQFLDGC 



CTRGEWLRCC 



CT L R Q W L Q G C 



CTLEELRACC 



CTREELMRLC 



CQRADLIN'FC 



CNRNDLLLFC 



CTRTEWLHGC 



CTLEFMNGC 



CSLGELRRLC 



CNINQLRSIC 



CTMRQFLV C C 
CTRSEWLERC 
CTLHEYLS G C 
CTREELLR.QC 
CTFREFVNGC 
CSRADFLAAC 
CSCAQVVQCC 
CTLRQWILLGMC 
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CTL. R A W L M 



E S C C 



CT FQVWKLARNC 
C L L R E W L D X R T C 

gVLREWLLXXSC 
C LLSEFLAG Q Q C 
CSLRQYLDFGLG S C 
CT LQELKQSS L Y E C 
C D L S E L K T H G Y A Y C 



10 



CKLSDWLMN G V A A C 
CSLQEFLS H G G Y V C 




CTFRQLLE Y G V S S C 



CTMREFLV A S G V A C 



15 



CTLAEFLASG V E Q C 



CTLAEFLASGVEQ C 
CTLKEWLVSHEV W C 
C T L R E F L S L G M N A C 




GGGRGCTLKOW KQGDCGRS 



_ C N R S Q L L A A C 



£TL QQWLSGC 



c T L R E F K A G C 



CTRAQFLKGC 



C T L R E F N R G C 




CTLSDFKRGC 
CTFRQWKEAC 
CTLSEFRGGC 
CTLQEFLEGC 
CTLQQWKDGC 
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KQGDCGR S 
R_WRGCSLAKLK"Vr:A * „\ R Q 



RGGCTLREWRP V R V I N 



gRGCTLKOWKn G D C G R S 



-RYGCTBHQWT, V r. t n „ R H 
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Peptide 6 additional representative 

peptides are given in the table below A vari.rv - 

can be used to evaluate ic val Y " neChods 

a _ ... u . aiuate ic 50 values. For examole, an 

equilibrium binding =TISA ae»„ ■ . ' 

, _ 9 hibA assay, using either MBP-T^o or 

lacl-peptide tracer, was used to determine whether ^he 
Peptides inhibit the binding of TPO to the extraoeUu lar 
domain of the TPO rec eptor. Tv.icallv, the r C " 

- ' U * AC * u 5o v siue were 
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determined usincr the 

^te.^ned using he free PePCide ' tC " VilUe 

C-term.naUy amld^ " hi = h ca, be 

carboxv amide. • " Can be « ester or other 

Phage, :he T ° I!""" ~« ^P^yed oa .he 

a .he N-terminal and C-terminal amino acid= „, .„ 
sj-the.ic peptides are often preceded by o„e or t wo T - 
»«*».. These glyci „.s are not believed to be /Clne 
»i»<Ung or activity. Lil <ewise. to mi I h , 1^"^ 
Peptides displayed on polysomes the C t.rmi T " ° £ 

S; Again, thls sequence is nQt believed necessarv f A 

binding or activity. necessary f or 



IC 



50 



values are indicated symbolically bv the 



««* • ■-. Those peptides which 3 ave IC vaki »T 

than or egual to 2 00 m are given a -JllZZ t"' 

oavp Tr , ' w niie those which 

tZ s ° " nm « lm m - di -"d with 

Those peptides which gave IC S0 values at or near tne cute ' 

- ^t deterlined le'lilTa" ^ ^ ^ 
Peptides having the structure, G G c T L R E V t '°, G ^ 
G »as 500 nm or less. (Mo te the N-terminai and c terminal 
a™ no ac.ds were preceded by two glycines to recrea eTne 
exact sequence displayed by the phage. These glycines are not 
beUeved to be necessary for binding or activity , °' 



TABLE 3 




Peptide 

GGCADGPTLREWISFCGG 
GNADGPTLRQWL E G R R p K N 



GGCADGPTL 



REWISFCGG 



TIKGPTLRQWLKSRE W T S 
GPTLRQWL 
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jlEG P 



1 L R E w 



H G N G R 



LLl R T 



D T 
P H S 



^ a prefeteTco 6 : ^ eSPeCially ^ 3 ' ate 
ac ids: f6rred C ° re «-*ri... a seance of amino 



x i x 2 x 3 x 4 x 5 x. 



h6re X l 15 C. L, H, P, Q, v X is p v r 
V ' X 3 is C. p. i, L , M R ' S ' °r 

genetically coded L-a m ino a= ds • x i. i n 7 * ^ 2 ° 

S ' T < V or Y; x 6 is c. F , G< l ( 'm s V ' w ^ G ' K ' M ' °' *' 

G ' I. K. L. M, N, R or V. ' W ^ and ^ ^ C. 

In a preferred embodiment th P ™ 
a sequence of amino acids.- PSPtide com P~ses 

X 8 G X x X 2 X 3 X 4 X S W X? 



Wh ^re x, is L . M , p< Q# ^ 



v ' ~ ■" *< a, k. L ; M ; R ; ; s I; R T : s x or fl T; x > is - 

Q. R. S. or T ; X 7 is c I K t m' 5 13 A ' G ' K ' M < 

i- independently select from °' ^ MCh X - " Sid - 
L-amino acids, Lir . t .« oi ^ ^ " C ° ded 
--natural amino ^'"^^/^/^ « 
-dependent^ selected from any of L 20 a ' " 

L-amino acids and their nr. S^etxcally coded 

Preferred ^tl^l - °-«ino ac lds . Ia a 



X 3 is L; X 



Preferred embodiment , X, is P; X 2 is T- 
2 or Q ; and X 7 is I or L 



•4 is R; X,- is 



where X Q 



is A, C, e. G, I, 



X 9 x 8 G X, X 2 X 3 X 4 X 5 w X 7 



P. R. Q. S, T, or V; and X 8 
More preferably, x 9 is 



is A' C D, E, K, L, Q, R, S / T ; or ' v 
A or i; and X 8 is D, E, or K. 

^=c iDG ; T c L v E : :i k lr t 7 legrrpk 
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MDt . H / n fUrth6r ^oaiments of the invention, D refe~. d 

peptides for use in mi e ■ ' d 

core .truer, invention include peptides having a 

structure comprising sequence of amino acids - 
sequence of amino acids: 

C X 2 x 3 X 4 X s X 6 x 7 
"here X 2 is K, L, N, Q, r, S , T or V; X, is c F t 
S or v • y , 3 ' ' x ' L ' M- R, 

X i, a .I ^ 20 9eneticall y coded L-amino acids- 

*S D. E, 0. S, V or Y; X 6 is C, F, 0 . L , M , s> y ^ 

-bod-enc, x 4 is A, E , G, H, K, L, M, P, Q, R , S , T ^1 
in a further embodiment, X 2 is s or T; x is L Qr " 
*s i. D, e. or c; X 6 is F, L, or W ; and X 7 is I , K L 
V- Particularly preferred peptides include: G G C t'lr /„ 
LHGGFCGG. ^ L T L R E W 

in a further embodiment, preferred peptides for use 
- this invention include peptides having a structure 
comprising a sequence of amino acids: 

x 8 c x 2 x 3 x 4 x 5 x 6 x 7 

where X 2 is F, K, L, N, Q, R, S , T or V; X 3 is C F I L M 

acids, X 5 is A, D, E, G, K, M, Q, R, S , T, V or y. x is . „ 

X G ' L ' M ' S ' ^ i« C 0, r, K, L, M, N ,'RV S V; C a ; d ' 

I 15 " 7 ° f 20 Sicily coded L-amino acids. In some 

emboaiments, X 8 is preferably G, S, Y, or R . 

Peptides and peptidomimetics having an ic of 
greater than about 100 mM lack sufficient binding to" permit 
use m either the diagnostic or therapeutic aspects of Z. 
invention. Preferably, for diagnostic purposes, the peotides 
and peptiaomimetics have an IC 50 of about 2 mM or less and 
for pharmaceutical purposes, the peptides and peptidomimec'ics 
have an IC S0 of about 100 M M or less. 

The binding peptide sequence also provides a means 
co determine the minimum size of a TPOR binding compound of 
the invention. Using the "encoded synthetic library" ( E SL) 
system or the "very large scale immobilized polymer synthesis" 
system, one can not only determine the minimum size of a 
peptide with such activity, but one can also make all of t n e 
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two or mo nimUm S12e of thac "wtif ) in one 

two, or more residue-? n - , one ' 

be screened tor abil ,1 I C ° lleCC1 ° n ° f ™"*» =an then 
i» 0 bili 2e d oolvm " '° ™°-™«P'«- 

synthesis IthT ^ 13 SyS " mS ° r ° ther 

genesis methods can also be used to synthe.i,. r 
analogs del.i-i™ . , synthesize truncation 

gs, deletion analogs, substitution analoas -„« 
^nations thereof all of the peptide compo^ the 

The peptides and peptide mimetics of the n ~-e 
mention „ere also evaluated in a chro^opoiet n de' n 

cell proliferation assay as desrrih^ ■ -Penaent 

' * 5 aescribed m orearer r)=^--i ■ 
Examole 2 below Cell „ rn nf greater detail m 

*no„n in the art. s as ^a^ ^ * 
3„ u • assay which correlates ^t-k 

H- hy.idme incorporation as an indication of ceU 

7s sin (SeS . MOSSmann * 65l55 

TPO-R tranlf T^' ^ ^iferacion of 

TPO R transfected Ba/F3 cells in a dose dependent m * 

shown in Fiaure 1A T h a dependent manner as 

n ngure 1A. These peptides have no effect «n ^ 
parental cell i ine as shown in Figure IB. 

Figures 7 to 9 show the results of a further as „ 

::::i:i:; tiv ;: y th of che pepcides and — 

^^encion. in this assay mice ar P ma ^~ *u 
cer^latin. Fl9m 7 ZZZZT 
Baib/c mlC e are treated „ lt h carboolatin (1 « mg/kg 
intrapentoneally, on Day o. The dashed lines reoLenc 
untreated annals from three experiments. The soi d e 
represent carboplatin-treated groups i. three experim nt 
The heavy solid lines represent historical data. 

depicts the effect of carboolatin titration on platel! 

in minp t-<ro=.<-^ L Platelet counts 

xn mice treated with the indicated a.ounts of carboolatin (in 
■g/kg, intr.peritone.lly (i P ) on Day 0) . Figura 9 deDicts ' 
amelioration of carbcplatin-mduced thrombocytopenia on Day X0 
by Peptide AF12513 (513). Carboplatin (CBP ; 50- 125 mg/kg 
iatr.peritone.lly, was administered on Day 0. AF12S.3 (i 
mg/kg, lp , was given on Days 1-9. These results show the 

Peptides of the invention can ameliorate thromboevtooenia in a 

mouse model. " - nia ln a 
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In addition, certain peptides of the present 
invention can be dimerized or oligomerized, thereby increasing 
the affinity and/or activity of the compounds. To investigate 
the effect that peptide dimerization/oligomerization has on 
TPO mimetic potency in cell proliferation assays, a 
C-terminally biotinylated analog of the peptide G G C A D G P 
TLREWlSFCGGwas synthesized (GGCADGPTLREW 
1 S F C G G K (Biotin) ) . The peptide was preincubated with 
streptavidin in serum-free HEPES-buf f ered RPMI at a 4 :i moiar 
ratio. The complex was tested for stimulation of cell 
proliferation of TPO-R transf ected Ba/F3 cells, as above, 
alongside free biotinylated peptide and the unbiotinylated 
parental peptide. Figure 2A shows the results of the assay 
for the complexed biotinylated pepcide (AF 12885 with 
streptavidin (SA) ) for both the transf ected and parental cell 
lines. Figure 2B shows the results of the assay for the f-ee 
biotinylated peptide (AF 12285) for both the transf ected and 
parental cell lines. Figure 2C shows the results of the assay 
for streptavidin alone for both the transfected and parental 
cell lines. These figures illustrate that the pre-formed 
complex was approximately 10 times as potent as the free 
peptide . 

The specificity of the binding and activity of the 
peptides of the invention was also examined by studying the 
cross reactivity of the peptides for the erythroooieitin 
receptor (EPO-R) . The EPO-R is also a member of the 
haematopoietin growth factor receptor family, as is TPO-R. 
The peptides of the invention, as well as TPO, EPO, and a 
known EPO-binding peptide, were examined in a cell 
proliferation assay using an EPO-dependent cell line. This 
assay utilized FDCP-1, a growth factor dependent murine 
multi-potential primitive haematopoietic progenitor cell line 
(see, e.g., Dexter etal. J. Exp. Med. lSMmt.ifi^ (1981)) 
as the parental cell line. This cell line can proliferate, 
but not differentiate when supplemented with 
WEHI- 3 -conditioned media (a medium that contains IL-3, ATCC 
number T1B68). The parental cell line is transfected' with 
human or murine EPO-R to produce the FDCP-i-EPO-R cell line. 
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These transfected cell lines can proliferate, but not 
differentiate in the presence of human or murine EPO 

Che presenc^o"^ ^ " « 

then „ashe ii P s a „: c :: sary /r ch £accors - The ceus ™ 

without the T 1 T £ ° r 16 " 24 h ° Urs in " hol = »^ia 

=£ the c u s T\ ° rS ' " Cer "-he viabiiity 

growth c S ° 1UCi0nS Un Wh0U med " ^e 

growth factorsl are made to give about 10= cells per so 

UTtlT"; Serial dUUC10nS ° f COnPOUnds Really, 

other bo S H Ph3Se PePCide " ° PPOSed " a P^-bound or 

other bound or «*Ul»d peptide, to be tested are made in 

96-well tissue culture plates for a final volume of 50 

microliters per well. Cells ,50 microliters, are added to 

each well and the cells are incubated for 24-48 hours, at 

ce 1 Dr P o°n f the ." e9aCiVe — is °r be descent. 

Cell pronferatxon is then measured by techniques hoM ia the 
art, such as an MTT assay. 

Figures 3A-G show the results of a series nf 
experiments showing the activity o£ TPO, the peptlLs o The" 
Present mention, EPO, and EPO-R binding peptides in a cell 
pre iteration assay using either the TPO-R transfected Ba/F3 
. cell Une and its corresponding parental line, or an 

p\ P L d e eP 3T enC Ce11 ^ Cra -P«^^ P-ental line. 

Figure 3A depicts the results for TPO in the cell 

proliferation assay using the TPO-R transfected Ba/F3 cell 
Une and its corresponding parental line. F igure 3B depicts 
the results for EPO in the cell proliferation assay using the 
TPO-R transfected Ba/F3 cell l ine and its corresponding 
Parental line. Figure 3C depicts the results for comolexed 
biotinylated peptide (AF 12285 with streptavidin (SAM and a 
complexed form of a biotinylated EPO-R binding peptide (AF 
11505 with SA) in the TPO-R transfected Ba/F3 cell li ne The 
results for the corresponding parental cell line are shown in 
Figure 3D. Figure 3E depicts the results for TPO in the cell 
proliferation assay using the EPO-dependent cell line Figure 
3F depicts the results for EPO in the cell proliferation assay 
using the EPO-dependent cell line. Figure 3G depicts the 
results for complexed biotinylated peptide (AF 12285 with 
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strepcavidin (SA) ) and the complexed form of a Motivated 
EPO-R binding peptide (AF uses with SA) in the EPO-deoendent 
cell line. These results show that the peptides of the 
invention bind and activate the TPO-R with a high degree of 
specificity. 

1V " - REPARATTnN OF PRPTTH ES AND PEPT IDE MTMTTTTnc 
A * SOLID PHASE SYNTHESIS 

The peptides of the invention can be prepared by 
classical methods known in the art, for example, by using 
standard solid phase techniques. The standard methods include 
exclusive solid phase synthesis, partial solid phase synthesis 
methods, fragment condensation, classical solution synthesis 
and even by recombinant DNA technology. See, e.g., Merrifield 
J. Am. Chem Sor 85:2149 (1963), incorporated herein by 
reference. On solid phase, the synthesis is typically 
commenced from the C-terminal end of the peptide using an 
alpha-amino protected resin. A suitable starting material can 
be prepared, for instance, by attaching the reauired 
alpha-amino acid to a chloromethylated resin, a hydroxymethyl 
resin, or a benzhydryl amine resin. One such chloromethylated 
resin is sold under the tradename BIO-BEADS SX-l by Bio Rad 
Laboratories, Richmond, CA, and the preparation of the 
hydroxymethyl resin is described by Bodonszky et al . chem 
ind, (London) 38:1597 (1966). The benzhydrylamine (BHA) resin 
has been described by Pietta and Marshall Chem. Commn 650 
(1970) and is commercially available from Beckman Instruments, 
Inc., Palo Alto, CA, in the hydrochloride form. 

Thus, the compounds of the invention can be prepared 
by coupling an alpha-amino protected amino acid to the 
chloromethylated resin with the aid of, for example, cesium 
bicarbonate catalyst, according to the method described by 
Gisin Helv. Chim. Acra 55:1467 (1973). After the initial 
coupling, the alpha-amino protecting group is removed by a 
choice of reagents including trif luoroacetic acid (TFA) or 
hydrochloric acid (HC1) solutions in organic solvents at room 
temperature . 
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* -«ui in e c :e lp at a :r:«?" ctin9 9roups are ti, ° se « 

included are acyl t L ' " Sy " theSiS ° f peptid «- 
groups (e 9 L Ji 0mSC1C Ur " hMe We meeting 

<*oc>, ' "'P Pro "^*™P= <-.g. -butyloxycarbony! 

protect ^^"^nyl, and al*! 

and 9r °" PS <e ' 9 - ben2y1 ' "^nylmethyl, Boc 

and Fmoc are preferred protecting groups The i 

Protecting group remains intact during "uL n 
3P1U off during the deprotect lm of LTS^"" 
pro ecting group or during coupling. Tne side ^™ 
protecting group mu s t be removable upon th. , 
synthesis of tne final peptide and 

that will not . u „ che target pept . de " =onui tl0 ns 

The side chain protecting grouos for Tvr ^ , . 
t e t rah ydropyranyl( ^ - £ "elude ■ 

«d 2,5-dichlorobenzyl The siri* h ■ Z-Br-Cbz, 
Asp include benzyl 6 h- m ! Protecting groups for 

ue oenzyi, 2,6-dichlorobenzyl, methvl .,->,. i 
cyclohexyi. The side rh=<~ »>etnyl, ethyl, and 

/ ine side chain protecting groups for Th T j „ 
include acetyl, benzoyl, trityl tetr.LT 
2.6-dichlorobenzyl. aid cbz The T , ' 
for Thr and Ser Is benzyl Th " " n pr °"="»* sroup 

£ °r Arg include nit ^ syl Toi T^J™*' ^ ™" 
-Ucylsulfonyl (M ts, . or Bo The , de ^ 
^ Ps for . incl.de Cbz. ..-^CLEr ^ 
Cl-CbzK -bromobenzyloxycarbcnyl (2 -B rC bz, . TosI or Boc 
After removal of the alnha am -i« 
? remaining protected amino ^ZZ^^Z 

example, in methylene chloride (CH CI ) Him t. u ' 

(DMF, mixtures. 2 2 fo ™ amid * 

After the desired amino acid sequence has b^n 
completed, th. desired peptide is decoup^ m e in 

acia or hydrogen fluoride (HP, , which not only cleaves the 
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peptxde from the resin, but also cleaves all remaining side 
chain protecting groups. When the chloromethylated resin is 
used, hydrogen fluoride treatment results in the formation of 
the free peptide acids, when the benzhydryl amine resin is 
used, hydrogen fluoride treatment results directly in the free 
peptide amide. Alternatively, when the chloromethylated resin 
is employed, the side chain protected peptide can be decouoled 
by treatment of the peptide resin with ammonia to give the' 
desired side chain protected amide or with an alkylamine to 
give a side chain protected alkylamide or dialkylamide . side 
chain protection is then removed in the usual fashion by 
treatment with hydrogen fluoride to give the free amides, 
alkylamides, or dialkylamides . 

These solid phase peptide synthesis procedures are 
well known in the art and further described in Stewart Solid 
Phase Penririp Syntheses (Freeman and Co., San Francisco 
(1969)). 

Using the "encoded synthetic library" or "very 
large scale immobilized polymer synthesis" system described in 
U.S. Patent Application Serial Nos . 07/492,462, filed March 7, 
1990; 07/624,120, filed December 6, 1990; and 07/805,727 
filed December 6, 1991; one can not only determine the minimum 
size or a peptide with such activity, one can also make all of 
the peptides that form the group of peptides that differ from 
the preferred motif (or the minimum size of that motif) in 
one, two, or more residues. This collection of peptides can 
then be screened for ability to bind to TPO-R. This 
immobilized polymer synthesis system or other peptide 
synthesis methods can also be used to synthesize* truncation 
analogs and deletion analogs and combinationc of truncation 
and deletion analogs of all of the peptide compounds of the 
invention. 

B. SYNTHETIC AMINO AC? TPS 

These procedures can also be used to synthesize 
peptides in which amino acids other than the 2 0 naturally 
occurring, genetically encoded amino acids are substituted at 
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trvPCOPhan . : a :; i :: phthy h uianine - ^ 

«ids that can be suosti "Id ^"j" ^""^ 

^hydroxyphenylalanyi. d amlno acids ' such 
i--a-hydr OX yly Syl and D-d-methylalanvl l . 
amino acids , ■ , ■ cnyl * lan * 1 ' L -»-"»thylal«nyl, b 

««as, and isoqumolyl. D amino acids and -„„ 
occurring synthetic amino acids can also be, """""""•Uy 
» «- peptides of the present invention lae «^*«- -° 

One can replace the naturally OC r Ur rin„ ^ 
« the 2 o genetically encoded amino >llZZ7l2 

alkyl, lower alkyl, cyclic 4-, 5- 6- m -7 \ 
15 amide, amide lower alkvl am 'H ' 7 - membe "d alkyl, 

uwer ai *y-U amide ai lower allrvi. -\ 
hydroxy, carboxy and the lower ester d«i \ 
with 4-, 5- 6 - to 7 m ° I derivatives thereof, and 

• ^ . 6 , to 7-membered hetereocyclic m „ 
Proline analogs in which the ring size or the PartlCUlar < 
- changed from 5 members to 4 \ or 7 m k ? ^ 
20 employed cvclir ~ members can be 

P yea. Cyclic groups can be saturated or uns at ur af , 
if unsaturated can ho , unsaturated, and 

rated, can be aromatic or non-aromatic. 
Cyclic groups can be samr^^ 
if unsaturated can hi Crated or unsaturated, and 

curatea, can be aromatic or non-aromatic 
groups preferably contain on* Heterocyclic 
« sulphur hete^oatl " ""^ nitr ° 96n ' »d/or 

-azanyl. ^H*-^? I^yT ^1^ 

:::::;r y1 ' isoxazoiyi ' mor ~ ^ssr- 
0 =1^ ~ : eeet ■ 

pyrrolidinyl (e.g. 1-pyrrolidinyl, , pyrrolinyl, Pyrro J 

t -substituted or unsubst^lid. ~~ " 

ZlT tCi ' Che . SUbSt "^ - * al,^. halogen 

oxygen, or suostitute d or unsubstitute d phenyl. 

One can also readily modify the peptides of the 
-stent invents by phosphorylation, and other methods for 

SUBSTITUTE SHEET (Rl&E 26) 



i 



WO 96/40750 

PCT/US96/09623 

41 

making peptide derivatives of the compounds of the present 
invention are described in Hruby et .1 « Thus, the peotide 
compounds of the invention also serve as a basis to prepare 
peptxde mimetics with similar biological activity. 

The peptide compounds of the invention, including 
peptidomimetics, can be covalently modified to one or more of 
a variety of nonproteinaceous polymers, e.g., polyethylene 
glycol, polypropylene glycol, or polyoxyalkenes, in the manner 
set forth in U.S. Patent No. 4,640,835; U.S. Patent No 
4,496,689; U.S. Patent No. 4,301,144; U.S. Patent No 
4,670,417; U.S. Patent No. 4,79i,i 92; or U.S. Patent No 
4,179,337, all which are incorporated by reference in their 
entirety herein. 

C TERMINAL MODIFTr&TTnug 

Those of skill in the art recognize that a variety 
of techniques are available for constructing peptide mimetics 
with the same or similar desired biological activity as the 
corresponding peptide compound but with more favorable 
activity than the peptide with respect to solubility 
stability, and susceptibility to hydrolysis and proteolysis 
See, for example, Morgan and Gainor Ann. R»n o h . m 
24:243-252 (1989). The following describes methods for ' 
preparing peptide mimetics modified at the N-tenninal amino 
group, the C- terminal carboxyl group, and/or changing one or 
more of the amido linkages in the peptide to a non-amido 
linkage. it being understood that two or more such 
modifications can be coupled in one peptide mimetic structure 
(e.g., modification at the C-terminal carboxyl grouo and 
inclusion of a -CH 2 -carbamate linkage between two amino acids 
in the peptide) . 



N- TERMINAL MODIFICATIONS 



The peptides typically are synthesized as the free 
acid but, as noted above, could be readily prepared as the 
amide or ester. One can also modify the amino and/or carboxy 
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terminus of the peptide compounds of the invention to produce 
other compounds of the invention. Amino terminus modifications 
^ (i .e., -NHCH 3 or acetyl™ 

with' 9 5 h C : rb ° benZOyl ^ blocking the Lino terminus 

defin 7k ^ ^ COnCainin ^ a carboxylate functionality 

defied by RC00-, where R is selected from the grouo 
consisting of naphthyl, acridinyl, steroidyl, and similar 
groups, carboxy terminus modifications include replacing the 
free acid with a carboxamide group or forming a cyclic lactam 
at the carboxy terminus to introduce structural constraints 
Amino terminus modifications are as 'recited above 
and mclude alkylating, acetylating, adding a carbobenzoyl 
group, forming a succinimide group, etc. Soecifically the 
N-terminal amino group can then be reacted as follows:' 

(a) to form an amide group of the formula RC(0)NH- 
where R is as defined above by reaction with an acid halide • 
te-g., RC(O)Cl) or acid anhydride. Typically, the reaction 
can be conducted by contacting about equimolar or excess 
amounts (e.g., about 5 equivalents) of an acid halide to the 
peptide in an inert diluent (e.g., dichloromethane) preferably 
containing an excess (e.g., about 10 equivalents) of a 
tertiary amine, such as diisopropylethylamine, to scavenge the 
acid generated during reaction. Reaction conditions are 
otherwise conventional (e.g., room temperature for 30 
25 minutes) . Alkylation of the terminal amino to provide for a 
lower alkyl N-substitution followed by reaction with an acid 
halide as described above will provide for N-alkyl amide group 
of the formula RC(0)NR-; 

(b) to form a succinimide group by reaction with 
succinic anhydride. As before, an approximately equimolar 
amount or an excess of succinic anhydride (e.g., about 5 
equivalents) can be employed and the amino group is converted 
to the succinimide by methods well known in the art including 
the use of an excess (e.g., ten equivalents) of a tertiary 
amine such as diisopropylethylamine in a suitable inert 
solvent (e.g., dichloromethane). See, for example, 
Wollenberg, et al., U.S. Patent No. 4,612,132 which is 
incorporated herein by reference in its entirety. It is 
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understood that the succinic group can be substituted with, 
for example, C 2 -C 6 alkyl or -SR substituents which are 
prepared in a conventional manner to provide for substituted 
succinimide at the N- terminus of the peptide. Such alkyl 
substituents are prepared by reaction of a lower olefin 
( c 2" c 6> with maleic anhydride in the manner described by 
Wollenberg, et al . , supra, and -SR substituents are prepared 
by reaction of RSH with maleic anhydride where R i s as defined 
above ; 

(c) to form a benzyloxycarbonyl-NH- or a substituted 
benzyloxycarbonyl-NH- group by reaction with approximately an 
equivalent amount or an excess of CBZ-C1 (i.e., 
benzyloxycarbonyl chloride) or a substituted CBZ-Cl in a 
suitable inert diluent (e.g., dichloromethane) preferably 
containing a tertiary amine to scavenge the acid generated 
during the reaction; 

(d) to form a sulfonamide group by reaction with an 
equivalent amount or an excess (e.g., 5 equivalents) of 
R-S(0) 2 C1 in a suitable inert diluent (dichloromethane) to 
convert the terminal amine into a sulfonamide where R is as 
defined above. Preferably, the inert diluent contains excess 
tertiary amine (e.g., ten equivalents) such as 
diisopropylethylamine, to scavenge the acid generated during 
reaction. Reaction conditions are otherwise conventional 
(e.g., room temperature for 3 0 minutes); 

(e) to form a carbamate group by reaction with an 
equivalent amount or an excess (e.g., 5 equivalents) of 
R-0C(0)C1 or R-OC(0)OC s H 4 -p-N0 2 in a suitable inert diluent 
(e.g., dichloromethane) to convert the terminal amine into a 
carbamate where R is as defined above. Preferably, the inert 
diluent contains an excess (e.g., about 10 equivalents) of a 
tertiary amine, such as diisopropylethylamine, to scavenge any 
acid generated during reaction. Reaction conditions are 
otherwise conventional (e.g., room temperature for 3 0 
minutes) ; and 

(f) to form a urea group by reaction with an 
equivalent amount or an excess (e.g., 5 equivalents) of 
R-N=C=0 in a suitable inert diluent (e.g., dichloromethane) to 
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tertiary Mine , such ^" i ? " '«» i « 1 ««> of a 

5 conditions are others dllS ° Pr ° Pyl « h ^- • Action 

otherwise conventional ( e o - 
for about 30 minutes). temperature 

2 * C-TERMTwar. MODTFTraT-rn^ 

In preparing peptide mimetics wherein th. n 
group is replaced by an *«ein he C -t e rminal 

» defined above,, the resins used t0 °* ^ R 

acids are employed, and the sin. P re P are Che peptide 

craved with Je and tn p ^ r u 
» Side chain protecting grouof are tl *' 9 " m " hM ° l - 

by treatment with h dro g e JrlTt 'V" 
desired ester. fluoride to obtain the 

In preparing peptide mimetics wherein rh- n 
carboxyl groun is replaced bv ^ herein the C-terminal 

20 u u , * -replaced by the amide -C(0)NR 3 R 4 = 

20 benzhydrylamine resin is used ^ , h Llo ' N « R , a 

results directly i n theT " ^ ^ SUpp ° rC 

. rectl y ln the free peptide amide (i. e the 
C-termmus is -CfOJNH l ai* 
c , ^^;xvh 2 ). Alternatively usp r.f .-v, 

from the support £ £ , 

reaction with an a lkyl a Bi ne or a diai^viamin y e d ^ T d 
chain protected a llty iamide or dial^amide ,i.e th e 
C-termmus is -CIOINRR 1 where R and »i . 

Side chain protection is then re^e "^ZTf T"' " 
cement „ ith hydroge „ fluoride tQ sive ^ Z : es ion hy 

alkylamides, or dialkylamides . 

c„h , ^ an ° ther altera " iv « Pediment, the C-terminal 

by in7 T7 T 3 C " termiMl eSt « e » be ™™* t™ y cli2e 
by internal displacement of the -OH or the ester ,-o R , ofthe 
carboxyl grouD or estPr , the 

s .or ester respectively with the N-terminai 
group to form a cyclic Dentil P terminal ammo 

peptide. For example, after synthesis 
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and cleavage to cive rh B - 

converts , P6Ptlde acid ' che f «e acid is 

Z Ci a?" aCtiVaCSd eSt - by - ^o P r^ carboxyl 

n, tor example, ln methylene chloride (CH ,C1 ) 

the N-teL L t dlSpla """ nC ° f the ^"vated ester with 
J" terminal amine. In t e mal cyclization as opposed to 
Polarization can be enhanced by use of very dilute 
solutions. Such methods are well known in the art 

or ine alS ° CyCllZe PePCideS ° £ c "e 'invention 

or incorporate a desamino or descarboxy residue at the 

° f PepCide ' S ° I- no terminal amino or 

rest rZl T"' -° "*""" SUS « P ^"^ « proteases or to 
restrict the contortion or the peptide, c-termnal 

nclude" 31 f° UPS -V C ° mP0UndS ° f "» »< —ion 

include amide, amide lower al k yl, amide di (lower alXyl, . louer 

t=*y hydroxy, and carboxy, and the lower ester derivat ve" 
thereof, and the pharmaceutical^ acceptable salts thereof 

20 D ' BACKBONE MODIFTraTTHMe 

Other methods for making peptide derivatives of the 
compounds of the present invention are described in Hruby et 

B^p^he^ 268 (2) :249 . 262 (1990) incorpQrated ^ 
reference. Thus, the pept.de compounds of the invention also 
serve as structural models for non-peptidic compounds with 
similar biological activity. Those of skill in the art 
recognize that a variety of techniques are available for 
constructing compounds with the same or similar desired 
biological activity as the lead peptide compound but with more 
favorable activity than the lead with respect to solubility 
stability, and susceptibility to hydrolysis and proteolysis' 
See Morgan and Gainor Ann. Ren m»h ru^ 24:2 43-252 (1989) 
incorporated herein by reference. These technioue. include 
replacing the peptide backbone with a backbone composed of 
Phosphonates, amidates, carbamates, sulfonamides, secondary 
amines, and N-methylamino acids. 
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Peptide mimetics wherein one or more of the peptidyl 
linkages [-CCOJNH-] have been replaced by such linkages as a 
-CH 2 - carbamate linkage, a phosphonate linkage, a 
-CH 2 -sulfonamide linkage, a urea linkage, a secondary amine 
(-CH 2 NH-) linkage, and an alkylated peptidyl linkage 
[-C(0)NR 6 - where R 6 is lower alkyl] are prepared during 
conventional peptide synthesis by merely substituting a 
suitably protected amino acid analogue for the amino acid 
reagent at the appropriate point during synthesis. 

Suitable reagents include, for example, amino acid 
analogues wherein the carboxyl group of the amino acid has 
been replaced with a moiety suitable for forming one of the 
above linkages. For example, if one desires to replace a 
-C(0)NR- linkage in the peptide with a -CH 2 -carbamate linkage 
(-CH 2 OC(0)NR-) , then the carboxyl (-COOH) group of a suitably 
protected amino acid is first reduced to the -CH 2 OH group 
which is then converted by conventional methods to a -0C.(0)C1 
functionality or a para-nitrocarbonate -0C (0) 0-C 6 H 4 -p-N0 2 
functionality. Reaction of either of such functional groups 
with the free amine or an alkylated amine on the N-terminus of 
the partially fabricated peptide found on the solid support 
leads to the formation of a -CH 2 0C(0)NR- linkage. For a more 
detailed description of the formation of such -CH 2 -carbamate 
linkages, see Cho et al Science . 261:1303-1305 (1993) . 

Similarly, replacement of an amido linkage in the 
peptide with a phosphonate linkage can be achieved. in the 
manner set forth in U.S. Patent Application Serial Nos . 
07/943,805, 08/081,577, and 08/119,700, the disclosures of 
which are incorporated herein by reference in their entirety. 

Replacement of an amido linkage in the peptide with 
a -CH 2 -sulf onamide linkage can be achieved by reducing the 
carboxyl (-COOH) group of a suitably protected amino acid to 
the -CH 2 OH group and the hydroxyl group is then converted to a 
suitable leaving group such as a tosyl group by conventional' 
methods. Reaction of the tosylated derivative with, for 
example, thioacetic acid followed by hydrolysis and oxidative 
chlorination will provide for the -CH 2 -S{0) 2 C1 functional 
group which replaces the carboxyl group of the otherwise 
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suitably protected amino acid. Use of this suitably 
protected amino acid analogue in peptide synthesis provides 
for inclusion of an -CH 2 S(0) 2 NR- linkage which replaces the 
amido linkage in the peptide thereby providing a peptide 
5 mimetic. For a more complete description on the conversion of 
the carboxyl group of the amino acid to a -CH 2 S(0) 2 C1 oroup, 
see, for example, Weinstein, Boris Chemistry & Biochemist-^ 
of Ami no Acids, Peptides and Proteins Vol. 7, pp. 267-357, 
Marcel Dekker, Inc., New York (1983) which is incorporated 
10 herein by reference. 

Replacement of an amido linkage in the peptide with 
a urea linkage can be achieved in the manner set forth in U.S. 
Patent Application Serial No. 08/147,805 which application is 
incorporated herein by reference in its entirety. 
15 Secondary amine linkages wherein a -CH 2 NH- linkage 

replaces the amido linkage in the peptide can be prepared by 
employing, for example, a suitably protected dipeptide 
analogue wherein the carbonyl bond of the amido linkaoe has 
been reduced to a CH 2 group by conventional methods. For 
20 example, in the case of diglycine, reduction of the amide to 
the amine will yield after deprotection H 2 NCH 2 CH 2 NHCH 2 COOH 
which is then used in N-protected form in the next coupling 
reaction. The preparation of such analogues by reduction of 
the carbonyl group of the amido linkage in the dipeptide is 
25 well known in the art . 

The suitably protected amino acid analogue is 
employed in the conventional peptide synthesis in the same 
manner as would the corresponding amino acid. For example, 
typically about 3 equivalents of the protected amino acid 
3 0 analogue are employed in this reaction. An inert organic 
diluent such as methylene chloride or DMF is employed and, 
when an acid is generated as a reaction by-product, the 
reaction solvent will typically contain an excess amount of a 
tertiary amine to scavenge the acid generated during the 
3 5 reaction. One particularly preferred tertiary amine is 

diisopropylethylamine which is typically employed in about 10 
fold excess. The reaction results in incorporation into the 
peptide mimetic of an amino acid analogue having a 
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non-pepcidyl linkage. Such substitution can be rented , s 
desxred such that from «rc t= all or the amide bond, i„ che , 

peptide have been renlar-oH u ■ 8 

en re Placed by non-amido bonds. j 

One can also cyclize the peptides of the invention I 
or ^corporate a desamino or descarboxy residue at the ' f 

clrZvj ° f PSPtide ' S ° that Ch6rS iS n ° terminal «*» or 
carboxyl group, to decrease susceptibility to proteases or to 

restrict the conformation of the peptide. C- terminal 
functional groups of the compounds of the present invention 
include amide, amide lower alkyl, amide di (lower alkyl) lower 
alkoxy, hydroxy, and carboxy, and the lower ester derivatives 
thereof, and the pharmaceutical^ acceptable salts thereof 
Examples of cyclized compounds are provided in Tables 4 5 6 
8, and 9. ' ' ' 

E - DISULFID E BOND FORMATION 

The compounds of the present invention may exist in 
a cycl«ed for. with an intramolecular disulfide bond between 
the thiol groups of the cysteines . Alternatively an 
intermodular disulfide bond between the thiol grouos of the 
cysteines can be produced to yield a dimeric (or higher 
oligomers) compound. One or more of the cysteine residues 
may also oe substituted with a homocysteine. These 
intramolecular or intermodular disulfide derivatives can be 
represented schematically as shown below: 

s s ^ 



wherein m and n are independently 1 or 2. 

Other embodiments of this invention provide for 
analogs of these disulfide derivatives in which one of the 
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sulfurs has been replaced by a CH 2 group or ocher isostere for 
sulfur. These analogs can be made via an intramolecular or 
intermodular displacement, using methods known in the art as 
shown below- 

-AX 



T 



Br 



H 



wherein p is 1 or 2 . One of skill in the art will readily 
appreciate that this displacement can also occur using other 
homologs of the a-amino-g-butyric acid derivative shown above 
and homocysteine. 

Alternatively, the amino-terminus of the peptide can 
be capped with an alpha-substituted acetic acid, wherein the 
alpha substituent is a leaving group, such as an a-haloacetic 
acid, for example, a-chloroacetic acid, a-bromoacetic acid, 
or a-iodoacetic acid. The compounds of the present invention 
can be cyclized or dimerized via displacement of the leaving 
group by the sulfur of the cysteine or homocysteine residue. 
See, e.g., Barker et al . J. Med. Chem. 35:2040-2048 (1992) 
and Or et al. J. Ore. Chem. 56:3146-3149 (1991), each of 
which is incorporated herein by reference. Examples of 
dimerized compounds are provided in Tables 7, 9, and 10. 



UTILITY 



The compounds of the invention are useful in vitro 
as unique tools . for understanding the biological role of TPO, 
including the evaluation of the many factors thought to 
influence, and be influenced by, the production of TPO and the 
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"cepcor binding Drocess 

-eful in the development „ Pr = sent are also 

3CtiVa " «"», because che :; e r mPOUndS that «*- «<» and 
important "formation o„ rk compounds 

provide 

- activity that should UciZltT^ 

^ co^^ ar r ef s :r a deveiopmenc ■ 

» -"en for new Tro re" ^ * C °"P«"ive binders 

— y embodiments, the compounds o th 7"°^ ' r » «=» 
-hout modif ication „ J be H £ Mention can be used 

" * labeling such as covalentl °* 

>°««g a moiety which dire or ° alentl! ' ° r "^-covalentlv 
detectable signal, m any of th *>™vides a 

"-.to can be labeled either di^T' 
Possibilities for direct l.h ,• indirectly. 

-diolabels such as ' Ubel groups such 

■"=h as peroxidase and alkali^T" ""^ 3 - 6 «.°90> 
^els ,„. s . pacent Np . a " 4 X n 4 e , 5 P and fl uorescent 

change in fluorescence ^ ™ J°*»* °« -nitoring the 
fluorescence Polari 2 atio„ Pos^u t « 
labeling include biotinylati! , * '° r indi «" 

Ending to avidin coup ed t ^e fall ~" * 

~* - als! .ncl' d " p e : S or a T e / abel ^ 
-re the compounds are to be attache ^« " 

Moreover, based on their .mv. su PPort. 
-ceptor. the peptides of the present " " the TP0 

"agents for detecting tpo recepcoT 'T" 0 " be "" d » 
calls, in biological fluids * 

natural biologic"; « ^ *■ 
labeling such peptides, one can id.nr - ^"P 1 *' * 

°n their surfaces. In " * " h ldenC1Ey having TPO-R 

">« the TP0 receptor, 2 ^ ^ » 

™> ^ used in in situ staining rlcl , i inVMti °" 
cell sorting, , western blotting ^ A " ^""—activated 
^sed on their ability to bind to the TPO re 3dditi ° n - 
P'Pt des of the present invention can be used ^ 
Purification, or in purifying cells rece Ptor 
- - -U surface ,or ^^^1™^°" 
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The compounds of the present invention can also be 
utilized as commercial reao^nr. * 

anH ri . agents for varxous medical research 

ana diagnostic us*»c c. u «<=<*rcn 

to- n? US6S include but are not l^ited 

^- (1) use as a calibration standard for quantitatina \h 
~es of candidate TPO agonists in a va^ et" 
functional assays- f?» ^ y r 

growth of TPO d , mainCain P rolif ^ation and 

g th of TPO-de P endent cell lines; (3) use in structural 

lysis 0 f the XPo-receptor through co - costal li 2at IT \ 4) 
use to investigate the mechanism of TPO signal 
"ansduction/receptor activation.- and [51 other research „ 
Agnostic applications wherein the TPO-receptor is" , 
activated or such activation is ^n^nTlllZZl 
agamst a known quantity of a TPO agonist, and the l ike 

for rh • ^ C ° nPOUndS oi the P"«« invention can be used 
tor the in vitro expansion or megakaryocytes and thei- 
committed progenitors, both in conjunction with add< clonal 
ycokines or on their own. See. e.g.. oiciusto et a ^ 
plication Mb. 9 5,0Se 13 , which is incorporated herein by 
reference, chemotherapy and radiation theraoies cause 
thrombocytopenia by killing the rapidly dividina „ 
Ration of megakaryocytes. However ^ ~ -'~ 

treatments can also reduce the number and viability' o- the 
lmmat ur ^ ^ ^ 

the clo u s :r ;: r ;:::: n :? he ~ * - 

... ■ . 1 Cne P r5s =nt invention can be hastened by 
infusing patients post chemotherapy or radiation therapy with 
a population of his or her own cells enriched for ' 
megakaryocytes and immature precursors by in vitro culture 

The compounds of the invention can also be 
administered to warm blooded- animals , including humans, to 
activate the TPO-R in vivo. Thus, the present invention 
encompasses methods for therapeutic treatment of TPO related 
disorders that comprise administering a compound of the 
invention i„ amounts sufficient to mimic the effect of TPO on 
W>-B in vivo. For example, the peptides and compounds of the 
invention can be administered to treat a variety o* 
hematological disorders, including but not limited"to platelet 
disoroers and thrombocytopenia, particularly when associated 
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with bone marrow transfu«5i 

chemotherapy. nSfuSlon *< radiation therapy, and 

In some embodiments of the invention, TPO 
antagonists are nreforaki 

unHo Preferably first administered to patients 

atlon or the tpo agonists of the invention 
The activity of the compounds of the present 
nation can be evaluated either in vitro or * Z in _ 
°£ the numerous models described in McDonald Am. , of 
-MlMac Kemarnlo^/nppo!^ 14l8 . 21 
mcorporated herein by reference. 

According to one embodiment, the compositions of rh 
Present invention are useful for treating throlocytopen 

7 Kt " iCh b ° M — transfusions, radiat.cn ther oy 
or chemotherapy. The compounds typically will be ,„ ■ 
Prophylactically prior to chemotherapy, L^ti r^T 
bone marrow transplant or after such exposure 

Accordingly, the present invention also provides 
Pharmaceutical compositions comprising, as an active 

ingredient, at least one of the peptides or peptide mimetics 
of the lnventlo „ in associat . on w , th a ^ 

or diluent. The compounds of this invention can be 
administered by oral, puimonary, parental (intramuscular 
SiTT 1, <IVI ^ <™ous -action,, 

nasi * P ° Wder £ ™ ia "™' ■ transdermal, 

IT 7 ' " CCal - " subli "9-l -utes of administration 

routed h Ul " ed ln dOSa9 ' ^ *™iate for each 
route of administration. See, e.g., Bernstein et al = CT 

Patent Publication No. wo 93/25221; Pitt et al. PCT Patent 
Pub Ucation No. » 9 </ 17 , 84; and pi „ ec 

Application 61 3, 68 3. each of which is incorporated herein by 

reference. y 

Solid dosage fonns for oral administration include 
capsules, tablets, pills, powders, and granules. m such 
solid dosage forms, the active compound is admixed with at 
least one inert pharmaceutical^ acceptable carrier such as 
sucrose, lactose, or starch. Such dosage forms can also 
comprise, as is normal practice, additional substances oth~ 
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than inert diluents p rr i u ■ 

' lubricating aaencs such as 

magnesium stearate 

oills th. • I ° f ca ? sules ' tablets, and 

puis, the aosaqe forme m=.,, .1 

T . , , ^ 9 r0rms ma V also comprise buffering agents 
™Z PU1S additi - ally - ™ — -eric 

pharma, d ° Sa9e ^ ^ ad »«is t r«cion include 

Ph arm ceut ically acceptable elisions, solutions, suspensions, 
syrups, with the elixirs containing inert diluents COmm onl y 
used ln the artf such „ water< Bes . des , nerc ^ 

compositions can also include adjuvants, such as wetting ' 
agents, emulsifying and suspending agents, and sweetening, 
flavoring, and perfuming agents. 

Preparations according to this invention for 
parental administration include stenle aqueous or non-aoueous 
solutions, suspensions, or emulsions. Examples of non-aoueous 
solvents or vehicles are propylene glycol, oolyethylene ' 
glycol, vegetable oils, such as olive oil and corn oil 
gelatin, and injectable organic esters such as ethvl oleate 
Such dosage forms may also contain adjuvants such as 
preserving, wetting, emulsifying, and dispersing aaents. They 
may be sterilized by, for example, filtration through a 
bacteria retaining filter, by incorporating sterilizing agents 
into the compositions, by irradiating the compositions, or by 
heating the compositions. They can also be manufactured using 
sterile water, or some other sterile injectable medium, 
immediately before use. 

Compositions for rectal or vaginal administration 
are preferably suppositories which may contain, in addition to 
the active substance, excipients such as cocoa butter or a 
suppository wax. Compositions for nasal or sublingual 
administration are also prepared with standard excioients well 
known m the art . 

The compositions containing the conroounds can be 
administered for prophylactic and/or theraoeutic treatments 
In therapeutic applications, compositions are administered to 
a patient already suffering from a disease, as described 
above, in an amount sufficient to cure or at least oartially 
arrest the symptoms of the disease and its complications. An 
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r 



15 



amount adeouace to =^ 

»th^ a * ac «mpl 1S h this is defined as 

therapeutically eff ucrxxiea as 

- -"1 depend on t T^' ot '"^ 

The compositions of the ■ invent- -i 
microencapsulated hv * Mention can also be 

"arcel Dekker , U.Y. (1992) , pp . 31S- 339 T' K >' d ° n «". 

» containi„a 1 ^ Pr ° Phl ' laCtiC lf>pUcaci °^ ""Positions 
ont«ining the compounds of the invention are ad mi ■ 

* Patient susceptive to or otherwise at rZt o T"^ " 

Such an amount is defined to be I 'Ll • =Ul " 

effective dose" m ^- P ro Phyiacticall y 

-end on the patient ^ ^ '""^ a ^ 
the patient .s state of health and wight. 

effective th qUanCltl " ™> agonist necessary for 

fective therapy „U1 dep . nd on di£ferent 

including means of administration, target ' 
-ate of the patient, and other medical" adm ^ 
^acment dosages should be titrated to aai,lniStered ' ™us, 
efficacy. Typicallv do. tltrated c ° °P«n, 12e safety and 

/ typically, dosages used in V7 > rn m ^ 

guidance in the amounts useful for " s " " Pr ° VldS USefUl 

these reagents AnS i U aamini *tration of 

treatment CeStln9 ° f effe ctxve doses for 

treatment or particular disorders will provide f urth 
preaxctiv. indication of human dosage Varxous 
are descried, e.g., ia Gllman ec t^™™™™™ 
SllBmis^e^^ Gcodman_and 

Pe^gamoTTr^T^nT" a „ ' ■ ^ 8th , 

Sciences 7 T T 

^ each of whxch is hereby incorporated by reference 

are effect^ TTl^ ° f ~on 

rective m treating TPO mediated conditions when 
administered at- a **** w nen 

« of bod/we g e pe r ; n d g aV f " '° ^ 

3s * — ed by the U^^^ 

rout administration as well as by the .udement o 't 6 

attencung clxnxcxan depending upon factors such as the 
ever.ty of the condxtion, the age and general condition of 
the patient, and the like. 
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edifications and va lrr; h 1C ^ 

without depart™ I" 1 "; 0115 ° f the invention are possible 

invent on 9 ™ SPirit the 



EXAMPLE 1 
SOLID PHISE PEPTTfi ; SYKTBg gTc 

Various peptides of the invention were synthesized 

7' Merri£ " ld P"— thesis technics 

Stewara and Young. Solid p„,» n.^- ■ . " 

Pierce Chemica!, EoCcford. IL (a984) and Herri£ield , 1 

Sh "°- ^ 85:2149 <1S "" « • Milligen/Biosearch , S ~ 
automated instrument or an Applied Biosystems m=. Model a 31A 
PPt.oe synthesizer. The peptides were assembled us.ng 

So^re PrOC ° COlS ° f APPUed BiOS ^te ms mc. Systl 
Software versxon l.ol. Each coupling was performed for 
one-two hours with BOP (benzotriazolyl 

N-oxtr.sdimethylaminoohosphonxum hexaf luorophosphate, and Host 
(1-hyaroxybenzotriazole) . 

The resin used was HMP resin or PAL 
(Milligen/Bicsearch) , which is a cross-linked polystyrene 
res ln Wlth (4 , . Fmoc . aminomethyl . 3 5 , . dimechyoxyph J 

carb 33 3 UnkSr - ^ ° f PAL reSln ^ a 

peptiZ f r 1 3mide fUn " i0nali ^ cleavage of the 

Pept.de fro. the resin. Upon cleavage, the HMP resin produces 
a carboxyUc acid moiety at the C-terminus of the final 
Product. Most reagents, resins, and protected amino acids 
(free or on the resin) were purchased from Millioore or 
Applied Biosystems Inc. 

The Fmoc group was used for amino protection during 
the coupling procedure. Primary amine protection on amino 
acxds was achieved with Fmoc and side chain protection groups 
were t-butyl for serine, tyrosine, asparagine, glutamic acid, 
and threonine; trityl for glutamine; Pmc 
(2,2,5,7,8-pentamethylchroma sulfonate) for arginine; 
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N-t-butyloxycarbonyl for crypcophan; N-tntyl for histidine 

and glutamine; and S-trityl for cysteine. 

Removal of the peptides from the resin and 

simultaneous deprotection of the side chain functions were 
achieved by treatment with reagent K or slight modifications 
of it. Alternatively, in the synthesis of those peotides 
with an amidated carboxyl terminus, the fully assembled 
peptide was cleaved with a mixture of 90% trif luoroacetic 
a "d, 5% ethanedithiol, and 5% water, initially at 4°c, and 
gradually increasing to room temperature. The denrotected 
peptides were precipitated with diethyl ether. in all cases 
purification was by preparative, reverse -phase , high 
performance liquid chromatography on a C 18 bonded silica ael 
column with a gradient of acetonitrile/water in 0.1% 
trifluoroacecic acid. The homogeneous oentides wer» 
characterized by Fast Atom Bombardment mass spectrometry or 
electrospray mass spectrometry and amino acid analysis when 
applicable . 
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EXAMPLE 2 
BIOASSAYS 
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Bioactivity of the peptides can be measured using a 
thrombopoietin dependent cell proliferation assay Murine 
IL-3 dependent Ba/F3 cells were transfected with full length 
human TPO-R. m the absence of IL-3 (WEHI-3 conditioned 
media), these cells are dependent on TPO for proliferation 
The parental, untransf ected cell line does not resoond to 
human TPO, but remains IL-3 dependent. 

Bioassays have been performed on both of the above 
cell lines using synthetic peptides derived from library 
screening. The cells were grown in complete RPMI-io media, 
containing 10% WEHI-3 conditioned media, then washed twice 'in 
PBS, resuspended in media which lacked WEHI-3 conditioned 
media, and added to wells containing dilutions of peptide or 
TPO at 2 x 10 4 cells/well. The cells were incubated' for 48 " 
hours at 37°C in a humidified 5% C0 2 atmosphere and metabolic 
activity was assayed by the reduction of MTT to formazan. with 
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UllT" " " aSUred °" an ELISA »— r. The 

Ba/F3 ells ln a dose dependent m anner as shown in Figure , 
These peptides have no effect on the parental ceil liL. "' 

EXAMPLE 3 
BINDING AFFINITY 

Binding affinities of chemically synthesized 
Peptides for TPO-R were measured in a competition binding 
assay. The wells of a microtiter plate were coated with 1 mq 
strepcavidin, blocked with PBS/1% BSA, followed by 50 ng o-' 
biotinylated anti -receptor immobilizing antibody (Abl79) \ he 
wells were then treated with a l:io dilution of soluble T=0- 
harvest. Various concentrations of peptide or peotide n i neXL 'i 
were mixed with a constant amount of a truncated form of to 0 " 
consisting of residues 1-156 fused to the C-terminus of 
maltose binding protein (MBP-TP0 lse ) . The peptide MBP-tuq 
mixtures were added to the TPO-R coated wells, incubated for 2 
hours at 4-C and then washed with PBS . The amount of 
MBP-TPC 156 that was bound at equilibrium was measured by 
adding a rabbit anti -sera directed against MBP , followed by 
alkaline phosphatase conjugated goat anti-rabbit Ig G The 
amount of alkaline phosphatase in each well was then 
determined using standard methods. 

The assay is conducted over a range of peptide 
concentrations and the results are graphed such that the y 
axis represents the amount of bound MBP-TP0 156 and the x axis 
represents the concentration of peptide or peptide mimetic 
One can then determine the concentration at which the pectide 
or peptide mimetic will reduce by 50V (IC S0 ) the amount of 
MBP-TP0 156 bound to immobilized TPO-R. The dissociation 
constant (Kd) for the peptide should be similar to the 
measured IC S0 using the assay conditions described above. 
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EXAMPLE 4 



"«ded for librarv oligonucleotide seouences «. 

°-»o ... ~T a ' 5 ' « « - co" 6 

oligonucleotidP «- ■ library specific 

PhosphoryUted chercically during synch ' 5 

Th e £lt..™ : d c rr d -° the 

" Panning „ as the genotype . Ateri re !a) P re terably used for 

be prepared fro» an r oo i ,t e " J " " h " h «» 

Stock center at Vale u2 C ° Ji 

as- idj.e university (f rn ] • u/ 

designation CGSC-fi57-n . --u ' SCock "nter 

20 E mi- CGSC - 6573) genotype lon-u sulAi tk u 

col, strain is prepared for use in el , ^ abOVe 

Ascribed by Dower et al Nucleic " f -n as 

-ept that 10% gi ycerol <»"-). 
cells are tested for sf f ■ * Sh Ste P s - The 

-rati . ef :;;riru u r n9 1 pg ° f a 

» °»a lnal Hbrary and for al, J "* 9r °" th ° £ 

portion a.: eac;in7:r;;:::;r £ che enrirted 

panning ^^J^T? "U. for 

" l-ate can be used direcjy on ^ — 

additional nuri f i r,^ - pcors - If some 

~ fUtratl: ^TL"*^ ~= " — • • 

Ocular U eigbt contacts T JT >~ 

Panning is carried Qut j 
sa U c 0ncentration than mosc buffers ^ ^ 

Panning can be conducted in microtiter wells with" 1 
immobilized on a nr^M , ■ h a rec eptor 

Panning o be a d ^ antibody (MAb) or by 

beaas or on columns . Morg specifically# in ^ 
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receptor (PAN samole) ""f -Us coated with 

«• Really used Cola ' UiCh ° UC rSCePCOr « 
5 ^ese two samples can C !" ParlS ° n ° f «*• of plasmids ln 

•P«=i«e clone, are b J » of whether receptor 

" as the a " ^ 

—red from t he HC sample " ^ 

10 Present. specific clones are 

- ^ i;::™;: r 15 use£ui - — 

Aground blndlng of the plasmid complexes "T^^ 
""ally 100 ,1 of l vsa te Der . * P ^ *' In 

15 of lysate per wen di ,, r Per ." eU 13 used ' ^ round 3, 100 2 

-ther rounds £££ ^ 2 ^ " ^ * 
-nsforming unUs of at^easT ^ ^ /ret: 1 """ 
remaining diversity is used . 6 Che es ^mated 

» -d ivi d Ua i T :: 0 ::: d ;;: « f th v— — * 

rounds of pannino H ^ «™med after 3, 4, or 5 

observed t" , Pe " dln3 0 " "» numbers 

■ — * r^- ™ ;::: e d :riruieT p - — 

normally a tetran,-,. ^ . p ns ls used - ^acl is 

a tetramer and the minimum functional n Nft k- •■ 
5 species is a dime- Th a nal DNA binding 

cooperative, multivalent fashion This 1 * 

t^t itiai i r: t -T ity of thi y is » 

but is a ^ I ' 3£finity e » b = -«y identified, 

disadvantage m that the signal in the et.ts* ■ 
correlated with the intrinsic affinity of th pe dl * ' 

lis ;: b : r: pepudes <° * ait ° se <»"; as 

d scr pad below permits testing in an ELISA format where 
signal strength is bette- rorr.i,, < ■ ^ 
c uezze. correlatea with affinity 

See Figure 5A-B y ' 
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DNA from clone* ^ ■ 
double scranded f orm ™'° C ™ mK C " be P "^* in 
The coding sequences of ' Pr ° Ced — 
populations ' T""^ Sin9lS ^ ^ 

5 the. seouences n f trBM£ «»- <o vector. that fuse 

111 frame wich the- gene encoding MBP - n 
that generally occurs as * m«„ ' a P roc ein 

7 <j<_<_urs as a monomer in solnH« B mi. 
of a library into nKio solution. The cloning 

«ry into pJS142 creates a BspEI rescH^,- 
«» beginning o£ the randon = region o °" 

^estion with BspEI and ScaI allo 9 ws lZ;^l' lb ^- 

» bP dna fra3ment ttat can be subclo ; ed pu : : : on .° f * 

actors, pELH3 (cytoplasnuc, or pELm5 (periDlas Me ,° r CWO 
are si mp l e „odi f ications „ f the ' ^ 
respective!,. avai i able co™erciall y fron b 

See Fiqure 5A-R ni^^- - yxdna ^lolabs 

15 Seal -n Dl9eStl ° n 0t P EL ™ and pELM15 with Aae , .„ H 

Seal .Hows efficient clonrng of the BsoEI-Scar «-„ - 

ligation. Ia addition, correct Lgati" o the ? 
is essential to recr M r» = < ScaI Sltes 

to recreate a functional bi a (Amo re,i. t 

- 1:,:: iowering the ievei « cL::r : e) 

undesired ligation events. Expression of the tac 

promoter-driven MBP- pep tide fusions can then b. • „ 
IPTG. Sn be educed with 

Lysates for the LacI or MBP ELISAs ar p 
individual clones bv n„ ■ ~^ s As are prepared from 

>=; clones by lysing cells using lysozvme »nH 

- 5 insoluble c-11 dehrie k ysozyme and removing 

ox- c_ii debris by centrifugation The 

added to wells containing i^bilLed receptor ZT ^ 
-Us without receptor. Binding fcy the JT« 
usions is detected by incubation with a rabbi ZyZT 
antiserum airected against either LacI or MBP foUowed h 
• incubation with alkaline phosphatase labeled golt a l 

second ant^bodv ■ . ntl ra ^it 

ant. 0 ody. The oound alkaline phosphatase is detected 
wxth p-nitrophenyl phosphate chromagenic substrate. 
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.EXAMPLE R 

^headptppt prnrr " system 
utili.es a \lTl a V f ^ Peptides — P-s mi ds technic 

b TiiT- r otein caiied ,,headpiece d — « 

g by the E. cola lac repressor is mediated by the 
P rox tely eo amino acid (lheadpiece „ ^ 

headpiece domains that binds to the lac operator is 
normally formed by association of the much larger 
approximately 300 amino acid C-terminal domain The 
"headpiece dimer" system utilizes headpiece dimer mol ecules 
containing two headpieces connected via short peptide i iake . 
These proteins bind DNA with sufficient stability to allow *" 

of S the la nea 0 d ° f 3 PSPCide SPltOPe diSPlaySd " thS C -™ 
of the headpiece aimer with the plasmid encoding that peotide 

the h • - The r nd ° m P6PtideS fUSSd CO Che C- terminus of ' 

he heaapiece dimer, which binds to the plasmid that encoded 

b re m e a neVb PePtide " headPieCe ^lex that can 

be screened by panning. The headoiece dimer 

pept id e _ plasmids system allows greacer selecc . v . 
high affinity ligands than the Lad system. Thus the 
headpiece dimer system is useful for making mutagenesis 
libraries based on initial low-affinity hits, and selecting 
hagner affinity variants of those initial seauences 

nl« •„ ^ UbrarieS ^ c °n^-ucted as with peptides on 
plasmids using headpiece dimer vector P CMG14 (see Figure 

Ola 0 ', ^ PrSSenCe ° f the ^ °P«.tor is not retired for 
Plasmid binding by the headpiece dimer protein. The libraries 
were introduced into bacterial strain comnrising e coli 
ilon-U sulAl hsdR17 (onpT-fepC) AclpA319 : AiacI 2ac 

ZU118 Atsrl-recA) 30S::TnlO .and amplified under conditions . 
of basal (A) promoter induction. Panning of head.iece dimer 
libraries is carried out by similar procedures to* those used 
for Laci libraries, except that HEK buffer is used instead of 

buffer and e^tion of plasmids from the wells is 
performed with aqueous phenol instead of with I PTG . Seou-nces 
from headpiece dimer panning are often characterized after 

transfer to the MBP vector so rhar r „ 0 „ 

LU ' so unac tney can De tested in the 
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affinity sensitive mbp EIjI c fl a . , 

clones can be screened bv S ° ^ P ° pulati ^ of 

«ened by colony l ifts Wlth labelgd recj6ptor _ 

EXAMPLE fi 

In this example cyclized compounds „ er6 * u- 
three assays. First ic v .i P°unas w ere subjected to 

above. Adlitionan " ^ ° btained " described 

Ascribed aw " Pr ° 1±£mti ~ —7 as 

^nauy ?i:: 0 ; h as perrormed to caicuiate ec » vai — 

P^o^^^'J^" — S assay 
acidic basically, ln this assay the rate of 

4. S results are summarized in Table 
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TABLE 4 



Structure 



pS!?^ EC50fnMl ^ n M) 



CH] 



• Pen j ASGP7LP.IWIS7 (Cys ) - [NH , j 



[o-c-:---:] -A3G?TiAi?-is? ;cys > - [nk 2 ;■ 

CH 2 1 

( H ] - • Hsao cys ) ADG?TL?^-JI £~ f Cys ) - ,' NE2 ] 



( 0-C-H j -ASG?TLSZ57IS?- (Cys ) - (NH 2 ! 



CH 2 - 



tH J - ( D-Cys ) ADGrTLSEWIS? iD-Cys ) - {NH2 ] 



( H) - i Cys ) ADG?TL?.ZWI£F { D-Cys ) - { NH 2 i 
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I H ] - • Kanoeys | ADG?7«2WIS7 tHoaocvs ) - { NH , 



( 0 sC -HH 1 - AaCStLSSJlS? { Kamacys I - { NH2 1 

\ 



CH 2 



[0-C-8HJ -ADG?TlSS-IIS-(Penj - [NH ■> 



tO-C-NH} -ADGFTLStZyJIS? { Cys ) - (NH 2 ] 
Ph-CH I 



+■ 



[H] - KADGPTLSEwI SFE - {NH 9 

I 

NH-C-0 



+- 



WD 
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iO-C-I-SIl-AaGrTrprr. 

I 

/V 



T£":Cysi - [NH 2 j 



+ + 



H D 



0=C-MH ] -AEGrTLSZHIS? { Cys ) 

I I 



+ 1- 



N0 



[HN] -ADGPTLHH'JISFZ- [NH 2 j 
' C-0 



[H] -{ Pen) ADGFTLSZWIS- { Pen) - {NH , i 

+ 4- 2 *" 



4- ND 
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EXAMPLE 7 

in this example amino acid substitutes at positions 
- - i. S, or F m the cyclized compound 1 



CADGPTLREWISF 



were assayed for EC 50 and IC S0 values as described above 
Microphysiometer results are given in parentheses. The ' 
results are summarized in Table 5 below. 
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TABLE 5 



CADGFT1RZWISFC 



D-A 



S-A 

S- D-Ala 
S - Sar 



Substitution EC50 (nM) 
Cell Proiif. 



I- A i.. / ^ 



S-Aib £ + ) 

S - D-Ser 4 + 
S-Nva 

S - Abu 4-4. 

S - {N-Me-Ala) +- 

S - (N-Me-Val) f 

S - (N-Me-Ala) * 4- • 
S - (Nor-Leu) 

S-(t-Bu-Gly) + . 

S - fM-Me-Sen'BzIU 



IC50 (nM) 



"t"T 



+ 4_ 



+ - 
++ 
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Substitution 
F - (N-Me-?he) 

S J - Ava (thioether) 
SJ - Ava i'cys-cys) 
S J - Ava 

AD - deletion 
ADG - dsietion 



EC50 (nM) oo (nM) 
Cell Proiif. 



WD 



ti D 



i 
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EXAMPLE S 

co mpo und ^ 6XamPle ' amin ° -Citation, in the 



tO - C - NH] - ADGPTLREWISF (CYS) 



CH- 



»«e evaluate .t positions D, s, or P as indicaced in 
b«l=w. EC S0 and IC S0 values were calculated as described 
above. Microphysiometer results are in parentheses 
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TABLE 6 



[0=C-NH] -ADGPTLRE-JISr (Cys) 
CH2 L 
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EXAMPLE 9 



5 



10 



CADGPTLREWISFC 



is included as a comparison. 

The compounds of Table 8 were inactive at the 
maximum concentration tested of io„m 

» -scribed ^^° a T ^ ^ " 

IEGPTLRQ w l A A R A are °< 

* " u a a r a are compared. 

I" Table 10, truncations of the dimer 

20 (H) "^EGPTLRQWLAARA 

l " ) ' IEtPU,5 "'""« (0.1.) K - ,N„ 2) 
.« compared. ec 50 and lc s0 v,i ues „ ere calculated as 
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TABLE 7 



EC50 (nU) icso (nM) 

Mteraarrvt Prpfrf 



0 
0 



(H] -ZSG?7L?.QMLAAKA 
IHJ -Z25PTLBQHLAARA ( p-Ala} K- [NH 2 ] 

-pSPTLHQWLAAKA- (NK 2 j 
[H] -HSGPIlSQftiLAAHa .- { MH 2 j 



( hi -CnDGPnszais?- • m 2 i 

IHJ -ODGFILREHISr - [ NH 2 j 

M -"QCG?TI2«JWLAAiaELS- (NH 2 ) 



(H}-MVG?HF«SGC- [NH2] ^ £ ^_ 

(HJ -KVGrrLSSGC- • NH2 ] 
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ECSO (nM) ICS0 {nM) 

^gr 0PnYL Protif 

7- -4. 

ADGPHSZ-IXSrC ++ 
[AO-rGPTLHZ-rcsrC +^ 



W D 



4- 



7 4- 
T1SZ-7I2-C 



fAeJ-PHSE-JISFC + + 



PHSE-JISFC 
(Ac)-TLRE-vISFC 



SUESmun SHEET (SliLE 26) 



WO 96/40750 



75 



PCI7US96/09623 



TABLE 8 



tH)- ^aQEI55C -;:g-»i 
(HJ - CxPIQLR£ie - -;nh 2 } 
W- g3SQLUaC -r;. 5 , } 

^H}- CQHADLHurC -{^] 

^- gs-5S5iaaQQc -. :?g?1 
[H] - criancprnvc - [nh 2 j 

(HI ~CGTaS?TLSTHLEC- ( NHo ] 
(HI - ZSWSESiaSHLTC - { NH 2 ] 
IH] - CSLkc^j^SGZ lCC- { NH 2 ] 
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[H] -rSPHSQHM- [I-H 2 ) 
(HI -SSSPSISQHUSSS- [ KK 2 i 
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TABLE 9 



[K] -C^G?TL?.QWIJL-JLiC- •' ? 



[HI- IZGPTLP.QWLAARA 



EC50 (nM) ICSO (nM) 
Miernnnv* =f 0 (,f 



>JK>1 N.D. 



N.D. -H- 
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TABLE 10 




( Ac ) - I2G?7I30KIJURA 
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EXAMPLE in 

In this example various substitutions were 
introduced at positions G, p. andw in the cyclized compound 



[H] 



CADGPTLREWISFC - [NH]. 



thar h Tabl£ ^ liStS 6XamPleS ° £ the sui > s ^uted compounds 
that show TPO agonist activity. The substitutions abbrev la ted 
m the table are as follows: evxatea 



TABLE 11 
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Proline Replacements 



BoO 



L-Pro 



o 

B 

D-Pro 



COOH 



£j COOH 




JJ COOH 
L-Pipccoiinic acid 




(J 'COOH 
D-Pipccoiinic acid 



Hff 



..n 

V cooh 

L-Azetiriins carboxviic acid 




COOH 



,NH 



L-Tic 



.COOH 



,NH 



D-Tlc 




COOH 



NH 



L-Oic 



COOH 
"V" NH 





L-r iq 
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"Tryptophan Replacements 



L-Trp 



:00H 




OOH 



D-I-Nai 



COOH 




COOH 



O-Tip 





COOH 



DL-5-Me-Tro 




COOH 




NH, 



N 



/ 



DL-l-Me-Tro 



V/k^\^COOH 
DL-6-r-T ro 




DL-5-F-Trp 




DL-5-Br-Trp 




.COOH 
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Glycine Replacements 



Glycine 



^COOH 
P-aUninc 



N-Penryi giynni 



,c 



HjN COOH 
Y-Aminobutvnc acid 



N-Cycioprupyi glycine 
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EXAMPLE n 



15 



20 



25 



30 



35 



""sure the actT eXperin,en "- ""igned c= 

receptor h I * C ° mP ° Unds « «». 

receptor, have been done. First, marrow eel], h 

"» femurs of 8 to 9 wee, one Ba lb /C III III ™" M fr " 
' i- U^uid cuuure with either rhu^PO or various^^ 

oncentrations of the test peptides. At the end s 

Peri ° d ' "» -re concentrated by ^tos ■ 

-arned for acetylcholinesterase (AChE, a diagnostil Til 

megakarvocvtpc;] =r^ , ^oyuuscic o£ mouse 

y Karyocytes) , and counted by microscooic analvsi* r, , 
nM rhuTPO gave -ise to rho analysis. One (i) 

y e -lse to the outgrowth of very laroe t^n > 
non-adherent cells thsr a-,- - Um) 
-ens that stain tor AChE. These ceU= a ™ 

be mature megakaryocytes c rom an • . , 13 appear to 

toral 7 7 eS> From an mitial seeding of io 6 

total marrow cells/ml n n en t •> 

x 10 s ^ Cultures > a * estimated 1 to 2 

x 10 megakaryocytes develoneri rm » 

J developed. This responce to TPO wac: 

:;,- = —.f™ 

°f the peptide compounds were tested at hiaJ 

this assay and th* n 9 concentration in 

Peotid. r tS SUmm " i2 ^ in Table 12. 

- I A Th a ; s 1 f ° UM d -— a maximal response of the mouse 

-muy is I r : n L wa : the first evidence chat — 

active on the murine receptor. m a second 
experiment, marrow cells were harvested and cultured < 

Tol°21\ll Ur9e " U ,Pr " Umed " ^ ™^^^-ytes, '» ere 
counted and grouped ln co small colonies 13-5 cells) i 

Table 13 . T po and the test peptides both oroduced 
substantially more colonies of both si 2e d "than did the 
negative control cultures. This indicates that the oeotides 

TPO m.their ability to stimulate the expansion o th 
Mk precursor cell population. 

To obtain a more quantitative comuarison of the 
activity of the test compounds on murine and human receptors, 
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the muTPO receptor was cloned - 

. cioned and transrected into BaF3 cells 

a tpo dependent poDula^1nr 1 , n 

Population or cells was isolated. 

TABLE 12 



10 



15 




20 



putative 1:4 complex. 

Compared to recombinant human TPO 
** 25-30% ACE staining cells on cytoosDin 
No faccor cultures - ca. 5% AChE staining cells (lower 

cellularity) 



TABLE 13 



25 



30 



35 
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Compound 


3-5 large cells 


6-12 large cells 


No factors 


1 


2 


1 


No factors 


2 


1 


1 


1 nM TPO 


#1-1 


15 


6 


1 nM TPO 


#1-2 


12 


1 


1 nM TPO 


#2-1 


16 


8 


1 nM TPO 


#2-2 


13 


3 


10 uM PeDtide 


#1-1 


25 


10 


10 uM PeDtide 


#1-2 


22 


8 


10 uM Peotide 


#2-1 


22 


7 


L_10 uM Peptide 


#2-2 1 


21 


10 J 
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The disclosures in «-u. 
"fences. incl ud c^ "t all articles and 

herein by referent \ d °="»«nts. are incorporated 
reference m their entirety for all purposes 
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IN THE CLAIMS : 



1. A compound that binds to thymopoietin receotor 
said compound having: fc 

-Itons. and' " ""^ U " ^ ^ 8 °°° 

(2) a binding affinity to thrombopoietin receptor 
as expressed by an IC S0 of no ,„ re chan about 100 m . 

Peptide, ant °' ^ ~ " * 

wherein from zero to all of the -C(0)NH- linkages of the 
pept.de have been replaced by a linkage selected frl the 
group consisting of a 

-CH OcfojNR. linkage; a phosphQnaCe linkage; a . CH (0 
linkage,- a -CH 2 NR- linkage; and a - C (0)NR«- linkage; and a 
-NHC(0)NH- linkage where R is hydrogen or lower alkyl and R* 
is lower alkyl, 

further wherein the N-terminus of said peptide or oeotide 
mimetic is selected from the group consisting of a -nrr! ' 
group; a . mc{Q)R group; a _ mc{Q)QR group< _ a 

a -NHC (0) NHR group; a succinimide grouo; a " 
benzyloxycarbonyl-NH- group; and a benzyloxycarbonyl-NH- grouo 
having from i to 3 substituents on the phenyl ring S ei ecce d " 
trom the group consisting of lower alkyl, lower alkoxy 
chloro, and bromo, where R and R i are independently selected 
trom the group consisting of hydrogen and lower alkyl 

and still further wherein the C-terminus of said'peptide 
or peptide mimetic has the formula -C(0)R 2 where R 2 i s 
selected from the group consisting of hydroxy, lower alkoxy 
and -NR R< where R> and R« are independently selected from the 
group consisting of hydrogen and lower alkyl and whe-e the 
nitrogen atom of the -nr3r« group can optionally be the amine 
group of the N-terminus of the peptide so as to form a cyclic 
peptide, 

and physiologically acceptable salts thereof. 
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3. A pharmaceutical composition comprising the compound 
of Claim 1 m combination with a pharmaceutical^ accentable 
carrier. 



4. A method for treating a patient suffering from a 
disorder that is susceptible to treatment with a 
thrombopoietin agonist, comprising admistering to the patient, 
a therapeutically effective dose or amount of a comoound of 
Claim l. 



5. The method of Claim 4, wherein the compound 
administered to the patient is a peptide, and, 

wherein from zero to all of the -C(0)NH- linkages of the 
peptide have been replaced by a linkage selected from the 
group consisting of a 

-CH 2 OC(0)NR- linkage; a phosphonate linkage,- a -CH 2 S(0) NR- 
linkage; a -CH 2 NR- linkage; and a -C(0)NR 6 - linkage; and a 
-NHC(0)NH- linkage where R is hydrogen or lower alkyl and R 6 
is lower alkyl, 

further wherein the N-terminus of said peptide or peptide 
mimetic is selected from the group consisting of a -NRR* 1 
group; a -NRC(0)R group; a -NRC(0)OR group; a -NRS(0) 2 R group; 
a - NHC ( 0 ) NHR group; a succinimide group; a 

benzyloxycarbonyl-NK- group; and a benzyloxycarbonyl-NH- group 
having from 1 to 3 substituents on the phenyl ring selected 
from the group consisting of lower alkyl, lower alkoxy, 
chloro, and bromo, where R and R 1 are independently selected 
from the group consisting of hydrogen and lower alkyl, 

and still further wherein the C- terminus of said peptide 
or peptide mimetic has the formula -C(0)R 2 where R 2 is 
selected from the group consisting of hydroxy, lower alkoxy, 
and -NR 3 R 4 where R 3 and R 4 are independently selected from the 
group consisting of hydrogen and lower alkyl and where the 
nitrogen atom of the -NR 3 R 4 group can optionally be the amine 
group of the N-terminus of the peptide so as to form a cyclic 
peptide, 

and physiologically acceptable salts thereof. 
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J S - The com P° u nd of Claim 2, wherein said comDound 1 

2 comprises a sequence of amino acids- 2 
3 



4 
5 
6 
7 
8 



x x x 2 x 3 x 4 x 5 x 6 x 7 
-here X, is C, L, M, P, q, V; x 2 is F , K , L , H< Q# R> 

v - x 3 is C, F, i, L , m, R, S, V or W; X 4 i s any of che 20 2 
genetically coded L-amino acids; X 5 is A, d, e, g, k, m. Q, r 3 
S - T, V or Y; X 6 is C, F, G, L, M, S, V, W or Y; and X 7 is 'c ' 
G - I, K, L, M, N, R or V. 1 

2 

1 7. The compound of claim 6, wherein said sequence of 3 

2 amino acids is cyclized. 4 

5 

1 8. The compound of claim 6, wherein said sequence of 6 

2 amino acids is dimerized. 7 



3 



1 9. The compound of Claim 6, wherein the compound 1 

2 comprises the sequence of amino acids * 2 

c x 2 x 3 x 4 x s x 6 X 7 

4 where X 2 is K, L, N, Q, R, S, T or V; X 3 is c. F, I, L . M , R, , 1 

5 S or V; x 4 is any of the 20 genetically coded L-amino acids-' 2 

6 X s is A, D, E. G, S, V or Y; X 6 is C, F, G, L, M, S, V, W or 3 
Y; and X 7 is C, G, I, K, L, M, N ( R or V. 



1 



10. The compound of Claim 8, wherein X 4 is A, e, G, H, 
2 K, L, M, P, Q, R, S, T, or W. ' , 1 

! 2 

1 11. The compound of Claim 10, wherein X 2 is s or T; X 

2 is L or R; X s is R; X 5 is D, E, or G; X e is F, L, or W; and X 7 1 

3 is I, K, L, R ( or V. 2 

3 

1 12. The compound of Claim 9, wherein said compound 4 

2 comprises a sequence of amino acids: 5 

3 6 

X 8 C X 2 X 3 X 4 x 5 x s x 7 



1 



where X 2 is F, K, L, N, Q, R, S, T or V; X 3 is C, F ( I, L, M, 
R, S, V or W; x 4 is any of the 20 genetically coded L-amino 
acids; X 5 is A, D, E, G, K, M, Q, R ( S , T, V or Y ; Xg is C, F, 2 
G, L. M. S, V, W or y. x 7 is C, G, I , K, L, M, N, R or V; and 3 
8 X 8 is any of the 20 genetically coded L-amino acids. 



7 
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13. The compound of Claim 12, wherein X 8 is G, s. y or 



14. The compound of claim 12, wherein said comoound 
comprises a sequence of amino acids: GGCTLREWlhgg 
C G G . 



15. The compound of Claim 6, wherein said compound 
comprises a sequence of amino acids: 

X 8 G X 1 X 2 X 3 X 4 X s W X 7 
where Xl is L, M, P, Q ( or V; X 2 is F, R, S, or T; X 3 is F L 
V, or W; X, is A, K, L, M, R, S, V, or T; X $ is A, E , G, K M ' 
Q. R. S, or T; X 7 is C, I, K, L, M or V; and X g is any of the' 
20 genetically coded L-amino acids. 

16. The compound of Claim 15, wherein X x is P; x 2 is T; 
X 3 is L; X 4 is R; X 5 is E or Q; X 7 is I or L. 

17. The compound of Claim IS, wherein said compound 
comprises a sequence of amino acids: 

X g X 3 G X x X 2 X 3 X 4 X s W X 7 
where X e is A, C, D, E, K, L, Q, R, S, T, or V; and Xg is A, 
c ' E, G, I, L , M, P, R, Q, s, T, or V. 

18. The compound of Claim 17, wherein X 8 is D, E, or K; 
and X 9 is A or I . 

19. The compound of Claim 18, wherein said compound is 
selected from the group consisting of GGCADGPTLREW 
1SFCGG; GNADGPTLRQWLEGRRPKN; GGCAD 

GPTLREWISFCGGK;TIKGPTLRQWLKSREHT 
S;SIE GPTLREWLTSRTPHS; LAIEGPTLRQW 
LHGNGRDT; CA.DG PTLREW I S FC; and I E G P T L 
RQWLAARA. 



20. The method of Claim 4, wherein said compound that i« 
administered to the patient comprises a sequence of amino 
acids : 
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1 c * 2 x 3 X 4 X, x c x 7 1 



2 
3 
4 
5 



where X 2 is K, L, N, Q, r, S , T or V; X 3 is C, F, I, L, M, R 
S or V; X 4 is any of the 20 genetically coded L-amino acids ; 
X 5 is A ' D > E, G, S, V or Y; X s is C, F, G, L, M, S, V, w or 1 
Y; and X 7 is C f G, I, K, L, M, N, R or V. 2 



1 21. The method of Claim 20, wherein X 4 is A, E, G, H K 1 

2 L ' M > P, Q, R, S, T or W, 2 

3 

1 22. The method of Claim 21, wherein X 2 is S or T; X 3 is 4 

2 L or R ; X 4 is R; X 5 is D, E, or G; X 6 is F, L, or W ; and X 7 is 5 

3 I, K, L, R, or V. 6 

7 

1 23. The method of Claim 22, wherein said compound that 

2 is administered to the patient comprises a sequence of amino 1 

3 acids: GGCTLREWLHGGFCGG. 2 

3 

1 24. The method of Claim 4, wherein the disorder 4 

2 susceptible to treatment with a thrombopoietin agonist is 5 

3 selected from the group consisting of: 6 

4 hematological disorders and thrombocytopenia resulting from 7 

5 chemotherapy, radiation therapy, or bone marrow transfusions. 8 

9 



V, or W; X 4 is A, K, L, M, R, S, V, or T; X 5 is A, E, G, K, M, 
Q, R, S, or T; X 7 is C, I, K, L, M or V; and X 8 residue is any 



8 of the 20 genetically coded L-amino acids, 



10 
11 



1 25. The method of Claim 4, wherein said compound that is 

2 administered to the patient comprises a sequence of amino 12 

3 acids: 13 



4 X 8 G X x X 2 X 3 X 4 X 5 W X 7 14 

5 where X x is L, M, P, Q, or V; X 2 is F, R, S, or T; X 3 is F, L, 15 



16 
17 



1 



1 26. The method of Claim 25, wherein X 1 is P; X 2 is T; X 3 2 

2 is L; X 4 is R; X 5 is E or Q; X 7 is I or L. 3 

4 

1 27. The method of Claim 26, wherein said compound 5 

2 comprises a sequence of amino acids: 6 

3 X 9 X s G X L X 2 X 3 X 4 X 5 W X 7 7 



SUBSTITUTE SHEET (1ULE 26) 



W ° 96/40750 PCT/US9S/09623 

91 

where X- is A, C D r v T 

C P r t V ' °' R ' S ' T ' ° r V; and X 9 is A ' 

C ' ' M ' P < R. Q, S, T. or V. 

28. The method of Claim 27, wherein X 8 is D, E, or K • 
and X 9 is A or I . 

29. The method of Claim 28, wherein the compound that is 
administered to the patient is selected from the grouo 
consisting of GGCADGPTLREWISFCGG;GNADG 
PTLRQWLEGRRPKN;GGCADGPTLREWISFCG 
GK;TIKGPTLRQWLKSREHTS;SIEGPTLREW 
LTSRTPHS;LAIEGPTLRQWLHGNGRDT-CAD 
GPTLREWISFC; and IEGPTLRQWLAARA. 

30. A compound that binds to thrombopoietm receotor 
wherein said compound is selected from the group consisting of 

CADGPTLREWISFC 



[Ac] -CADGPTLREWISFC- [amide] 
I I 



O-CADGPTLREWISFC-NH 

I I 
CH 2 j 



2 ; and 



IEGPTLRQWLAARA 
IEGPTLRQWLAARA (/3ala) - K [NH 2 ] 

31. A method for treating a patient suffering from a 
disorder that is susceptible to treatment with a 
thrombopoietin agonist, comrpising administering to the 
pateint a compound is selected from the group consisting of 

CADGPTLREWISFC 
i 1 
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2 
3 



5 
5 
7 
8 



10 
11 
12 



[Ac] - c A D G p T 



L R E W I S F c - [amide] 



0 - C A D G 



PTLREWIS 



F C - NH 



CH, 



2 ; and 



IEGPTLRQWLAARA 

IE GPTLRQWLAARA f«,i , ' 

^ a a R A (jSala) -K [NH 
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H*N I .1717 



Orz m HA9 — ; 

N^OMI 4046 ~\ 
Nlll 4046 

6ami105 I 2301 




Seal 2223 



auPUMi FlG-. 4ft 



'07* A q t | 
1Q97 Ban 1 

— :rrs Bam*.. 

- 1300 Nh«i 



■691 8dl 



2553 PcuM I 



2469 Msct 
2479 SaJ I 
2479 Mine 11 



// / isa4Aoai 
' ' 1234 ciai20f 



22S6 Eia3 l 
2316 Bbe 1 
2316 Ehe t 
2316 Kn 1 
2316 Nan 
2332 Pa«S7 1 
2392 Xha 1 
2405 Slul 



2495 Hind ill 2454 £ao 1 
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